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2.000-ton Forgine Press ; Messrs. Forging and Presswork Ltd., Birmingham 


cut costs with... 


Massey forging presses can be used for three 
distinct purposes—die forging, extrusion and 
coining. They are simple to operate, enabling 
unskilled labour to be employed ; and practically, 
output is limited only by the material handling 
facilities provided. High Speed Presses are 
available in sizes from 300- to 3,000-ton and the 
Low Speed Presses from 300- to 1,000-ton. 


Massey designs include: 

Steam and Compressed Air Hammers 
Pneumatic Power Hammers, 
Friction Drop Hammers, 
Double-acting Steam and 
Compressed Air Drop Hammers, 
Forging Presses, Trimming 


Presses, Tvre Fixing Rolls. 


B«eS.RAMASSEY I opensHAw - MANCHESTER - ENGLAND 


MAKERS OF THE WORLD’S GREATEST RANGE OF FORGING PLANT 
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They rely on 
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conditions. Wild-Bartield gas carburisi 


qguipment ts used in their manulactur 


Gas Carburising at 
Blaw Knox Ltd. 


Precise control of depth and type of case is afforded by both Wild- 
Barfield gas carburising processes—the “P.T.G.” and “Carbodrip” drip 
feed. By these methods carburising proceeds at almost the maximum 
theoretical rate. We will be glad to send you full details on request. 
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i I | 8 


we os! 





metal treatment 


nd 


Drop Forging 


lilustrated is a highly success- 
o 


ful batch-type Forge or 
General - purpose Smithy 
Furnace. Fitted with Self- 
proportioning Burner Equip- 
ment having single lever 
contro! of both air and fuel 
supplies, for either Gas or 
Oil Firing 
® 
Built to dimensions best 
suited to meet purchaser's 
individual requirements with 
single door as illustrated, with 
multi- doors, or double- 
ended. 
s 

Highest grade lining and 
hearth construction with 
correctly applied burner 
equipment ensures lowest 
possible operating and main- 


tenance costs 


Telephone: MANCHESTER EAST O01 
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MANCHESTER 
FURNACES LTD. 


GLOBE WORKS - MANCHESTER - 
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Get yarking/ 





...» With 1.C.1. Anhydrous Ammonia 


1.C.1. provides industry with anhydrous ammonia, a cheap source of pure 
nitrogen and hydrogen gases. And to convert the ammonia into these gases efficiently 
and economically, |.C.| cffers a full range of crackers and burners. Transport and 
handling charges are low because I.C.!. anhydrous ammonia is conveniently 


transported in large-capacity cylinders and in tank wagons. 





Full information on request 


wry =6imperial Chemical Industries Limited, London, S.W.1. 
os 
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keeping 
them 

in 
suspense 


is the INCANDESCENT 

answer to distortion. At 

the Scottish Stamping & 

Engineering Co. Ltd. 750 crank- 

shafts a day are hardened 

quenched and tempered in a fully 
mechanized installation. Suspend- 

ing the crankshafts during the 
complete cycle has given more even 
heating, better quenching and less 
distortion INCANDESCENT engin- 
eering can be relied upon to produce 


an answer to any heat treatment problem 


THE INCANDESCENT HEAT CO. LTD. 


SMETHWICK ° ENGLAND 




















Wilkins & Mitchell Forgemaster High Speed Forging 
Press, 1,500 tons capacity, and Clipping and Setting 
Press in production on precision forgings for Messrs. 
Garringtons, Bromsgrove. 


Wilkins & Mitchell Stripping and Setting Presses 
make multiple operations in line-flow produc- 
tion a practical proposition. This increases the 
productive capacity of both drop hammer and 
forging press and ensures : 


@ increased output 


@ closer tolerance forgings 


600 ton capacity Stripping and Setting 
Presses in the Works of Messrs. 
Clydesdale Stamping Co. Ltd., Nether- 
ton. 


@ reduced component cost 





WILKINS & MITCHELL LTD 


DARLASTON ° SOUTH STAFFS . ENGLAND 


Export Section: 70, Park Lane, London, W.|. 
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All shapes...All sizes 


Gibbons have been manufacturing Refractories in all shapes and sizes 
for over a century. Tunnel kiln firing ensures uniformity of size 


and a high standard of quality and dimensional accuracy. 


PPNNPY NA 
H.T.1.+ SILICA FIREBRICK 
ALUMINOUS | i | | t SILLIMANITE 


SUPERIOR REFRACTORIES 


Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. 
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DAOP HAMMER BOARDS 





SIZES IN STOCK TO SUIT ALL HAMMERS 


LH 


H.BURBIDGE & SON LTD 


Repetition Wood Turners and Machinists 





BURNSALL ROAD:CANLEY 
COVENTRY 
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makes this 
cycle annealer one of the most versatile 
heat treat units in the country. It anneals, 
cycle anneals, and normalizes gear forgings 
of different size, shape, and alloy at the net 
rate of 1,250 lbs. per hour, or better. 

Such exceptional versatility is achieved 
by a superfast cooling zone. Really a full 
convection furnace within a direct-fired 
furnace, this zone is isolated by refractory 
doors. It can be used or by-passed, 
depending on which of many cycles the 
customer wants. As a result, the customer 
can heat treat as many as 13 different alloys 
in this one furnace. 

Adding to the flexibility of the furnace is 
a modular tray design. Each module is an 
18 » 20-inch chrome alloy casting. Modules 
can be combined to hold any size of work 
up to 800 pounds. 


ASSOCIATED WITH SURFACE COMBUSTION CORP, 
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They are also used to carry work outside the furnace. 
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and about the very latest designs 
of vertical air circulation furnaces 
in a new METALECTRIC leaflet 
In addition to the standard range, 
there is interesting information on 
the larger pit furnaces and their 
diverse applications 

May we send you a copy, 
and, if required, advice on your 


current heat treatment problem? 


VAC. 1 
10” dia., 10” deep. Rating—4kW 


RMU AULA UW We 


3 METALECTRIC - S 6METALECTRIC FURNACES LIMITED 


\ SMETHWICK ENGLAND 
ANTI ANNNHANNNIS 


Vv 
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Over 85 years experience of forging techniques is exemplified in the 
present range of EUMUCO equipment. The benefits of this experience 
can be yours for the asking. 


WRITE TO THE SOLE AGENTS FOR THE UNITED KINGDOM 


WICK MANS “-LI™ 


FA 
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KIVETON PARK STEEL AND WIRE WORKS LIMITED, KIVETON PARK, NEAR SHEFFIELD 


TELEPHONE: KIVETON 252 (3 LINES) 
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DISPERSIONS 


ACHESON COLLOIDS LIMITED (Subsidiary of Achescn Industries (Eurcpe) Ltd.) PRINCE ROCK, PLYMOUTH, DEVON 
Telephone. PLYMOUTH 66351 ° Telegrams: ‘“ OILDAG ” PLYMOUTH 
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Introducing 2 new 
versatile and compact units 
for surface hardening and 


brazing heavy sections 


18kW and 7kKW 
High Frequency 


Induction 
Heaters 


Each heater has a power output control to 
adjust impedance matching of the loads 
giving optimum conditions for a wide range 
of applications. 

The work coils are easy to make and casy 
to interchange. 

Tank circuit has a high kVA rating, allow- 
ing the full available power to be applied to 
very difficult loads. 

Work table supports are fitted on the lower 
front panel and retracting trunnions are 


provided at the base to facilitate movement 


THE 18 kW HIGH FREQUENCY INDUCTION HEATER 


Finished in stove-enamelled Oxford blue 
with front panel stove-enamelled polychro- 
matic silver. Output control guide plate and 


work table supports chromium plated, 


Write for further information. 





For efficient process heating use 


&6G.C. FURNACES - HIGH FREQUENCY - INFRA-RED 


THE GENERAL ELECTRIC CO. LTD... MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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Progressive managements 
specify Birlec induction heating 
plant for billet heating 
applications including forging, 
upsetting, extrusion and rolling 
Not only are high outputs 
obtained with consistent 
quality but the method saves 
floorspace and, due to absence 
of scaling, extends die-life 
Lending themselves to 
mechanical work-handling, 
Birlec induction heaters 

also promote more flexible 


programming of work. 


Induction 


eat losses due 
to stand-by and heating-up 
periods, and temperatures are 
accurately regulated. Fewer 
operatives are required, their 
™working conditions are 
improved, productivityas 
ee a ee ome Se increased and overall 
production costs may be 
substantially reduced, 


Hf 
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Refractory Concrete floor in a non-ferrous foundry) 
(Photograph by courtesy of the Anti- Attrition Metal Co. Li 


You are invited to send for a 

copy of this booklet which 

gives details of the properties 

and application of 
REFRACTORY CONCRETE 

for HEAT-RESISTANT FLOORS. 


CIMENT The Cement for Industry 


FOR SPEED - STRENGTH 
RESISTANCE +» REFRACTORINESS 


Manufactured by 


LAFARGE ALUMINOUS CEMENT COMPANY LIMITED 
73, Brook Street, London W.1. Teleph MA 


AP 3/139 
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: TRANSITROL 


PROGRAMME TEMPERATURE-CONTROLLER TYPE 994 





This unique, robust instrument indicates and controils 
temperature strictly in accordance with a 
predetermined time-programme and is used primarily 
for controlling heating and cooling cycles of 
furnace-loads . . . it costs much Jess than conventional 
electronic controllers and outclasses all of them in 
accuracy, simplicity and reliability . . . 

fully descrébed in our new TRANSITROL Type 994 
data-leaflet available on request 


NO 
THERMIONIC VALVES 


NO WARMUP TIME 
* 
NO CAM-SCRIBING 
TIME-CYCLE 
}hr. to 720 hr 
. 
INCH 
INDICATING SCALE 
° BRITISH.MADE 
AUTOMATIC THROUGHOUT 
LIMIT-SWITCH FOR PATENT 
HEATER OR MOTOR 


FIXED-CONTROL 
AVAILABLE 


PRICE 


£85-0-0 








Immediate 
Delivery 


ENQUIRIES, SALES AND SERVICE: 

MIDLAND COUNTIES: ETHER LTD 

Tyburn Road. Erdington, Birmingham, 24 : East 0276/7/8 
SOUTHERN COUNTIES: ETHER LTD 

Caxton Way. Stevenage, Herts - Stevenage 780/1/2 





Appointed Sales and Service Agents in all principal countries 


Also specialist manufacturers of THERMO-COUPLES, THERMO-WELLS 
and SOLENOID-VALVES 
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The stock is placed between the rolls and is 

AUTOM ‘Walh then fed through the dies to the workstop. 
The die then closes, cutting off the stock 

to the required length, and delivers it to 

ST U3{01 30MM the heading position. The heading tool 
then completes the forging, which falls 

down the chute on to conveyor. Supplied 


in several sizes and for making balls of 


up to and including 4 in. diameter. 
No. 2 machine with guards removed P r 


These machines are made in three sizes. 


HOT The smallest handles bars up to 2 in. 


diameter. The largest size, as illustrated, 


MILLER takes bars up to 4 in. diameter. They 


are an invaluable asset to any forging or 


drop stamping plant. 


No. 3 machine illustrated 


We also make 
eight sizes of 
Standard Upset- 
ting Machines to 
take bars from 
1 in. to 6 in. 
diameter. 


2s. 


GRANTHAM ROAD, HALIFAX, YORKSHIRE 

Telephone: Halifax 3234-5 Telegrams: Covmac Halifax 
OVERSEAS AGENTS.— AUSTRALIA: Gilbert Lodge & Co., Ltd., 386 Harris Street, Ultimo, Sydney, N.S.W. CANADA 
Williams & Wilson Ltd., $44 Inspector Street, Montreal. FRANCE: Societe Anonyme Alfred Herbert, | and 3 Rue du 
Delta, Paris (90). HOLLAND: Esmeijer & Co., Oosterkade 24, Rotterdam, C. INDIA: Alfred Herbert (India) Ltd., 
13 3 Strand Road. P.O.B. 681, Calcutta, 1. NEW ZEALAND: Gilbert Lodge & Co., Ltd., Head Office 24 Great 
South Road. Newmarket, Auckland, N.Z. (P.O.B. 9194, Newmarket), also at Christchurch and Wellington. PAKISTAN 
Guest. Keen & Nettlefolds in Pakistan Ltd., P.O.B. 819, Bank of India Buildings (3rd Floor), Bunder Road, Karachi 
SOUTH AFRICA AND RHODESIA: Hubert Davies & Co., Ltd., Hudaco House, 7 Rissik Street, Johannesburg 
SPAIN: Gumuzio S.A., Gran Via 48, Apartado 920, Bilbao. KENYA, UGANDA, TANGANYIKA & ZANZIBAR 
Len Cooper Ltd., P.O.B. 3796, Nairobi, Kenya 
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Heat treatment furnaces 
with special features 


‘‘Fulload ”’ 


furnaces 


Photo by courtesy of 
Messrs. Lloyds (Burton) Limited 


offer... 


Maximum efficiency with minimum fuel consumption. The unique 
exhaust flue arrangement in the bogie hearth ensures speedy 
heating of the load, constant temperature in the furnace and the 
elimination of cold areas in the heating zone We supply 
furnaces for all purposes and all fuels, batch type or continuous 


For further particulars ask for leaflet 47. 


Furnace designers to your requirements — 


Ww 
MODERN FURNACES & STOVES LTD 


BOOTH STREET, BIRMINGHAM, 21 
phone: SMEthwick 1591-2 grams: Mofustolim B'ham 21 
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Caliper type brake 

Our own design giving excellent 

performance under severest conditions 

Top and bottom ejectors 

air operated, adjustable to suit all requirements 
Operation of air ejectors 

can be limited to every second or third 

stroke as required 

Calibrated table adjustment 


ensures accurate die setting 


The Lamberton Press produces 
accurate forgings at high speed under 
rigorous production conditions, 

and requires minimum maintenance 
for safe, reliable operation 


EUMUCO (England) Ltd 


12 GREAT PORTLAND STREET, LONDON, W.1. retepHone: museum 2586/7 






















BOGIE HEARTH 
TEMPERING FURNACES 








RECIRCULATION FURNACES... 


For vapid and acwuate Heat Trealtmenia 


High velocity recirculation of hot gases 
through and around the work, is the 
most efficient and reliable method of 
achieving rapid and maximum heat 
transfer at low temperatures from 
100°C. to 750°C, 

Just one of the reasons why leading 
steelworks specify Brayshaw Recircula- 
tion Furnaces for heat treating modern 
alloy materials to rigid metallurgical 
specifications. 

lf you are not already aware of the 
many advantages of recirculation ask 
for a consultation with our area 
technical sales engineer 


ayshaw 





Inolustuad Futnaces 


BRAYSHAW FURNACES & TOOLS LIMITED 
Belle Vue Works, Manchester, 12 
Telephone: EASt 1046. Grams: HARDENING M/c 






LOW TEMPERATURE 
OVEN FURNACE 
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Join the teams | 
who aid vital 
developments | 


IN EVERY FIELD 
OF INDUSTRY | 


Vacancies currently 
exist for 


METALLURGISTS | 
MECHANICAL ENGINEERS 
ANALYTICAL CHEMISTS = 

PHYSICISTS 
CHEMICAL ENGINEERS | 


The Metallurgica! Department on | 
work associated with Process and Product | 
Development and Quality Contre! for 

which only first class honours men, 
preferably with post-graduate experience | 
and training either at a University or in a 
Research Field, will be considered 


The Production Department for Shift 
Technical Assistants with responsibilities 
for Quality Control and Administration for 
which persons with first or second class 
honours degrees, or equivalent qualifica- 
tions, will be considered. Preference will be 


Henry Wiggin & Company Ltd., makers of given to those having industrial experience 
high nickel alloys, have been exploring metallurgical The Technical Service Section of the 
fields fi orn oan Sales Department for three mechanical 
ields for over one hundred years. The resources engineering graduates, or equivalently 


qualified persons, with industrial experience 
in the fields of gas turbine, automotive or 


which led to the production of the Nimonic Series of 








Alloys and made the gas turbine engine practicable general high temperature engineering 

. ‘ a Ss sO satB inghan 
will one day be applied in interstellar transport. eee eee Sees ek Seningnem,. | 
} Glasgow and London for graduates of | 
Meanwhile, they are being directed to a variety suitable personality and a desire to meet | 
4 ' . people and to discuss technical problem | 
of industrial developments on this planet. 
Apply to the Assistant Managing } 
Director quoting Ref. H.1 
NIMONIC 1S A REGISTERED TRADE MARK | 

I ’ n B 7 , 
G ve and Hereford 





AS HENRY WIGGIN & COMPANY LIMITED, WIGGIN STREET, BIRMINGHAM 16 


TGA Cl 
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HEA T TREA TMENT of: steel forgings 


Furnaces and Equipment: designed and built by 
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Why Not Now ? 


N the course of his erudite, entertaining and admirably delivered inaugural lecture 

given on February 18, 1958, Professor F. D. Richardson, who occupies the Chair of 
Extraction Metallurgy at the Royal School of Mines (London), drew a diagram on the 
blackboard. On the basis of time, marked in years, a curve labelled ‘The Art of 
Metallurgy ’ was shown descending, while a similar curve labelled ‘ The Science of 
Metallurgy > was shown ascending. At a point on the time-scale where the latter curve 
more or less reached its upper asymptote Professor Richardson made a mark and said 
that, in his view, this represented the moment (it appeared to be some five or ten years 
hence) when leading articles entitled ‘Physical Chemistry Does It Again!’ would be 
appearing in Metal Treatment and Iron and Coal Trades Review. 


The roar of appreciation which greeted this sally left us in no doubt that most of 
the audience knew exactly what the lecturer meant—that in a few years’ time, contrary 
to the opinion expressed frequently in these pages, physical chemistry would be so far 
advanced that it would be regularly leading to productive developments in the metallurgical 
field. Instead of expressing grave doubts as to the value of extended physico-chemical 
research the editor of this journal would be ‘ eating his words’ and offering his con- 
gratulations to the new inventors whose developments would be the fruit of their extensive 
knowledge and understanding of physical chemistry. 


Now when any of our statements are conclusively proved wrong we shall have no 
objection to making a hearty meal of them; but surely Professor Richardson does not 
need to wait for an unspecified number of years to show us the error of our ways! The 
present era of (in our view) exaggerated respect for physical chemistry dates roughly 
from 1944, when Professor H. J. T. Ellingham published his paper on the ‘ Thermo- 
dynamics of Oxides and Sulphides,’ which was a brilliantly clear exposition of an ex- 
ceedingly complex subject. For some 14 years, therefore, research has been going on in 
this field, and presumably more and more valuable data have been collected, all con- 
tributing to the healthy rise in the aforementioned ‘ Science of Metallurgy’ curve. The 
same period has also been one of spectacular advances in the fields of practical extractive 
and refining techniques, some examples of which we have recently mentioned. There 
are probably many more, well known to Professor Richardson. 


Now, for reasons which have been from time to time argued in these pages, we do 
not believe that physico-chemical research has ever been, or is ever likely to be, a fruitful 
source of process development. Examples we have quoted recently indicate that certain 
developments have taken place, not because of physical chemistry, but in spite of it. But 
Professor Richardson apparently expects us to believe that this is only because physical 
chemistry has not yet become sufficiently perfect; that we have only to wait a few more 
years for the physical chemists to ‘ catch up’ with metallurgical knowledge. In our view 
such an idea is wholly mistaken. If 14 years are insufficient to allow this to come to pass, 
then we do not believe it will ever come to pass, even in a hundred years. Conversely, 
if we are wrong, and eventually physical chemistry does lead metallurgical development, 
then surely after 14 years there should be enough evidence to show that this is beginning 
to happen now. 


We consider that a proper discussion of these questions should take place, not simply 
as an interesting exercise in scoring debating points, but as a matter of urgent national 
importance. The future industrial prosperity of this country depends to a large extent 
on the quality of technological graduates turned out by establishments such as the Royal 
School of Mines, and it is essential that these young men are not only given a sound 














JAGUAR 





Photograph by courtesy of Jaguar Cars Ltd 


Carburising at Jaguar 


A great basic advance— 
Positive Instrument control of carbon 





prateeepens control of the per cent carbon in furnace carburising gas and therefore of the surface 
carbon content of the parts being treated is surely a revolutionary development. This vital 
information is now available to you as easily as a temperature record. You simply set your Microcarb 
instrument to the carbon you want and that i; the carbon you get, and the record is drawn con- 
tinuously for you to see 

This carbon control unit is of major importance in that it results in a tremendous increase in the 
versatility of our world renowned Homocarb electric gas carburising furnace. In addition to its 
original function of case carburising it can now be used for carbon restoration and homogeneous 
carburising with great advantage. In carburizing, for instance, excess carbides can be prevented; 
networks and retained Austenite can be eliminated, this reducing rejects and lengthening the life of 
the product. Carbon restoration and homogeneous carburising, previously difficult or impossible to 
control on production work, are now thoroughly practicable 

Consideration of the above facts will suggest to you that its vastly increased versatility makes the 
Homocarb furnace an almost indispensable item of Heat Treatment equipment 


The illustration pictures an installation working at Jaguar Cars Ltd 


The attractive Microcarb control booklet will be sent to you with pleasure 
on request and a Technical Representative will wait on you if you so desire 


INTEGRA, LEEDS & NORTHRUP LTD. 
183 Broad Street, Birmingham 1I5 


Phone : Midland 1453/4 Telegrams : Flometer, Birmingham 


Works at Birmingham 








march, 1958 


91 


metal treatment 
and Drop Forging 


Forgings and Machinability 


G. H. JACKSON, F.I.M. 


At the 1957 Technical Convention of the N.A.D.F.S., F. Corry, A.M.C.T., 
F.1.M., A.l.Prod.E., of Peter Wood & Co., Sheffield, in his address, ‘Some 
factors affecting the machinability of forgings, traced through in some detail the 
main processes giving rise to those features which could be objectionable to the user 
of the forging. This has prompted the author to call attention to others and to 


emphasize the inter-relation of some of those factors. 


Particular instances to 


illustrate more specifically the sources of difficulty faced by the production engineer 
are intended to bring home the necessity for each to play his part in maintaining 
maximum consistency. Mr. Jackson is technical officer of the National Association 
of Drop Forgers and Stampers 


’ ACHINABILITY’”’ is a coined word, not 

yet to be found in the dictionary. It is, as 
yet, incapable of precise definition and still more 
impossible to write into a specification. In fact, its 
meaning is not always clear in production engineer- 
ing, as is shown by the several conditions often 
embraced by this term. ‘ Machinability ’ has been 
used to cover the speed at which bar or forgings 
can be turned; the variation of machine tooling 
under normal conditions; the inability to maintain 
dimensional accuracy or tolerances; the necessity 


of alteration to machine tool setting; the loss of 


operator earnings and many other such nebulous 
headings. 

It is, however, becoming an increasingly im- 
portant subject to metal-user industries and is a 
worthy subject for research. Consequently, it is 
currently being investigated from several aspects. 
Theoretical approaches are difficult, but are being 
attempted and, if variations in machinability can 
eventually be shown by such an approach, to be 
associated with a property, composition or condi- 
tion, then practical specification may be possible 
and acceptable. It must not be overlooked that in 
many cases there are two directly opposing interests 
involved, namely, the design requirements of the 
final product, and the production engineer’s desire 
—sometimes almost a mania—to produce more 
quickly and therefore more cheaply, whether or not 
it does the job when made. Admittedly, there are 
large numbers of mere shapes which demand high- 
speed production. 

If the more usual meaning of ‘ machinability ’ is 
taken as the speed at which a cutting operation can 
be carried out, then the subject can be sub-divided, 
firstly into improvements to make higher cutting 


speeds possible, and secondly, to control any known 
variables causing inconsistencies in the production 
cycles. The drop forger is not expected to contri- 
bute to the former, the responsibility of which is 
divided between the steelmaker and the machine- 
tool industry, but he is expected to control any 
factor arising from his processing known to influence 
machinability. 


Measurement of Machinability 


Many workers have endeavoured to measure 
machinability either as a numerical value of some 
variable, or by direct comparison. It is worth 
mentioning some of the more down-to-earth methocs 
that have been tried. Perhaps more work has been 
carried out on dynamometer lathes or similar equip- 
ment, having as their object the measurement of 
power absorbed under cutting conditions, than any 
other type of equipment. Standardization of such 
equipments is made difficult by many other variables 
which cause too much inconsistency in results 
obtained. Such factors as standards of lubrication, 
accuracy of the cutting tools and adequate chip and 
swarf removal tend to swamp the sometimes rela- 
tively small differences in the material under test. 


A further method is based on the absorption of 
energy in taking a single cut with a standard tool, 
in an equipment not unlike the Izod impact tester, 
but again, even very slight variations in tool 
dimensions produce too much variation in the 
results obtained to give any absolute values. A 
more practical approach intended to give com- 
parative results, is to present a standard tool to the 
material under test at considerably higher cutting 
speeds and feeds that would be practical in pro- 
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technical training, but are also taught to think clearly regarding the role which science 
plays in industry, even if some of the conclusions cut across certain preconceived notions. 
Rather more than a year ago, on January 10, 1957, Mr. R. Peddie, of United Steel 
Companies, startled everybody by some pretty blunt remarks about the quality of present- 
day graduates—‘ no originality—little enterprise—limited ambition—in fact, very dull.’ 
At the time we considered this statement a bit drastic and sweeping and not altogether 
fair, but we cannot now help feeling that if present-day students are being brought up to 
accept this kind of ‘ pie in the sky’ philosophy about physical chemistry then Mr. 
Peddie’s strictures may well be justified. 


The pages of Metal Treatment are open to everybody— we invite Professor Richardson 
to state his case, not five or ten years hence, but now. 
‘ 


Automatic Equipment 


OT only has automation come to stay, but, according to a Board of Trade inquiry 

carried out between the end of 1956 and April, 1957, a big increase in its use in 
industry and commerce is likely to take place in the next four or five years. By 1963 it 
would appear that digital computers will have become commonplace in the establishments 
of the major employers of clerical labour. Many companies are, or are considering, 
extending existing automatic handling equipment or introducing new machines. 


This equipment is now used by almost the whole range of industry and among those 
who are taking automation still further are those concerned in the production of electric 
switchgear and motors, electric heating components, welding electrodes, cycle accessories, 
components for mechanical-handling equipment, internal combustion engines, bearings, 
starter batteries, sewing machines, and domestic appliances. Some of the most advanced 
plans are those of the oil companies for the automatic measurement and distribution of 
petroleum products to road and rail delivery vehicles. 


Much of the production in these fields is being done by the transfer machine where 
the work piece is transferred automatically from station to station, both in-line and rotary. 
The use of computer-controlled machine tools, at least in limited application, is expected 
to be extended in the manufacture of precision instruments and engineering capital goods 
such as large electrical generators, pumping plant, and hydraulic turbines. 


The main reasons given for the adoption of automatic techniques for production 
processes are reduced costs and increased output, most firms hoping to be able to reduce 
the labour content in their costs. A further reduction is hoped for in the more efficient 
use of raw materials and, by increasing rate of thoughput, some companies hope to be 
able to reduce the proportion of capital tied up in stocks and raw materials. 


There is definite evidence that automatic equipment is being installed to overcome 
labour shortages, particularly in the sphere of skilled labour. It will, however, give rise 
to a shortage of its own and already both makers and users of automatic equipment are 
feeling the shortage of design technicians and of engineers trained in electronics and servo- 
mechanisms. A new class of technologist, the programmer, will be employed to prepare 
work for the computers and there was almost universal agreement that there will be a 
grave shortage of programmers. 


The probable effect of increased automation on the labour force is, as one would 
expect, fewer unskilled labourers and many more skilled technicians of all sorts. This, 
of course, raises its own problem—where the skilled technicians are to come from. In 
addition to national efforts to increase the number of technicians, many firms are taking 
active steps to operate their own training schemes for operatives and maintenance men. 
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duction and to measure the time to tool failure, 
which is judged by visual appearance of the cut 
surface, or by the obvious breakdown of the cutting 
edge as indicated by sound or frictional heat. 
Drilling tests have likewise been used, in which 
a standard drill is allowed to penetrate the material 
under test by the application of a constant load for 
a constant time, the variable being the depth of 
hole drilled. Apart from the difficulties contained 
in the above methods, different machining opera- 
tions each have different criteria of machinability. 
For example, drilling is made easier with a certain 
microstructure, but a different structure is more 
suitable for turning operations and there appears 
to be little room for compromise. Reaming and 
cutting are susceptible to such other factors as non- 
metallic inclusions, whereas the indications are that 
such chip breakers are advantageous when turning. 
Chip formation and the ease in which swarf can be 
cleared from the cutting edge has a marked effect 
on machinability. High-speed photography has 


been applied to study the mode of chip formation, 
which it is thought is related to ‘ cutability ’ of the 
steel. 

A material is often labelled as being ‘ too hard ’ 
to machine when in fact the difficulty is that it is 
too soft. When endeavouring to trace causes of poor 
machinability, one is invariably presented with 


either the forging or the tool that has broken down, 
but usually the cause, particularly if of a pro- 
gressive and not a catastrophic nature, is to be 
found several components prior to the submitted 
sample. Much metallurgical examination is, there- 
fore, in vain. These are but a few of the many 
reasons making measurement and defining of 
* machinability ’ very difficult. 

Arising from the vast experience of production 
engineers, and in particular of those metallurgists 
who have painstakingly examined the cause of 
machine-tool stoppages, several undesirable condi- 
tions causing inconsistency have been recognized. 
Most are avoidable, or can be minimized. 


Steel Defects 

The principal methods of steelmaking producing 
stock for forging are Siemens open-hearth, electric- 
arc and Bessemer (which must be mentioned, but 
it is hoped is not regularly used for forging-quality 
production). High-frequency melting is used in a 
very limited field and the newer vacuum melting 
may find its place in certain forging requirements. 
The differences between these methods of steel 
production are well known, but it is worth men- 
tioning some of the resulting conditions in the steel 
which are known to affect ultimate machinability. 

The larger the cast, the greater the difficulty in 
controlling objectional features, but the larger the 
cast the cheaper the steel—a factor that must be 
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balanced against savings from any increased 
machinability derived from smaller casts. Open- 
hearth casts of 100 tons are common, but vacuum 
casts can be spoken of in pounds, not tons. Apart 
from the size of cast, the type of lining used, 
whether acid or basic, the quality of scrap and base 
metal and the size of ingot and method of teeming, 
strongly influence cleanliness of the final steel 
product. Forging-quality steels are fully killed, a 
modification often involving ladle treatment. The 
amount and distribution of non-metallic inclusions, 
particularly those arising from the killing of the 
steel, can have a strong influence upon the final 
machinability. 


Non-metallic Inclusions 

It is not suggested for a moment that a steel 
completely free of non-metallics is desirable—in 
fact, evidence shows that the machinability of open- 
hearth steel is superior to ‘ purer’ forms by virtue 
of the chip-breaking action of these inclusions. On 
the other hand, the highly-abrasive aluminium 
oxides resulting from aluminium ‘killing’ are 
detrimental in so far as they can decrease the 
useful life of a cutting tool by preferential abrasion, 
resulting in a lost edge, increased friction and 
ultimate galling and breakdown. 

The amount of aluminium oxides in the steel is 
controllable and in good steelmaking practice can 
rarely be blamed as a main cause of poor machina- 
bility. It must be emphasized from the outset that 
most of the factors influencing machinability are 
often accumulative in their detrimental effects— 
very few having cancelling effects. It is, of course, 
realized that the majority of steel forgings are made 
from steels in which a first consideration must be 
* forgeability ’ with ‘ machinability ’ as a secondary 
aspect. It is not accepted, however, that these two 
requirements are necessarily opposites. For a given 
‘forgeability’ there is too often unreasonable 
variation in ‘machinability’ of the same specification. 

The advantages of non-metallic inclusions as 
chip breakers is deliberately exploited by the addi- 
tion of insoluble phases—often supposed to give 
internal lubrication during cutting, though the 
significance of the latter compared with chip control 
has not been clearly demonstrated. Sulphur (with 
a suitable excess of manganese) is deliberately added 
to form the insoluble manganese sulphides in the 
En 1, 8, 202, series of ‘ free-cutting’ materials. 
Care must be taken to avoid formation of the 
brittle iron sulphide by ensuring the correct manga- 
nese balance. Selenium has proved to be even more 
effective than sulphur, particularly in high-tensile 
steels, but unfortunately the attraction of this 
element to the electrical and electronics industry, 
together with its disagreeable properties when being 
added to steel, has precluded its extensive use in the 
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steel industry. Lead has now been successfully 
tamed and is finding increased application in alloy 
as well as straight carbon steels. These are examples 
of deliberate additions of ‘ non-metallics’ to improve 
machinability. Sulphur has to be watched for such 
reasons as subsequent case hardening and heat 
treatment, but these objections are less in the case 
of lead when present in sub-microscopic dispersion 
and probably even more so in the case of selenium. 

Cast ingots are fundamentaily heterogeneous in 
their crystallographic make-up. As a result of 
cooling and nucleation on non-metallics, particularly 
the products of ‘killing,’ the ingot consists of 
massive columnar crystals normal to the external 
faces, enclosing a central volume of equi-axed 
crystals. 

Moreover, the columnar crystals are definite in 
their internal pattern. The tree-like structure, 
known as dendritic, is typical of all ‘ as-cast’ 
metals. The dendrites vary from the equi-axed 
crystals, not only in orientation but in composition. 

To break down this structure completely is the 
main aim of all subsequent cogging and hot working, 
but perfection can never be obtained. Variation of 
crystal size plus the influencing factors of such 
elements as phosphorus, lead to segregation in 
varying degrees. It is also suggested that reheating 
and cooling during processing can in itself aggravate 
this condition. The aim of complete homogeneity 
of structure is a source of constant research. The 
Americans have a name for it—they ‘ desegatize ’ 
the steel. 

The hope of complete consistency in machina- 
bility of a given composition is therefore made 
difficult from the birth of the steel, but accepting 
this limitation, some consistency can still be hoped 
for and even expected. 


Grain Size 


Discussion of ingots cannot be passed over with- 
out a brief mention of the effect of grain size—a 
factor also of importance is the subsequent heating 
of heat treatment of a forging. It is reasonably 
well established that a course-grained steel is easier 
to machine than a fine-grained. Grain size is the 
average number of equi-axed crystals in any unit 
area. There are objections to taking full advantage 
of this difference, which need not be gone into in 
connection with the subject matter. It is funda- 
mental that above the critical temperature ‘ grains 
eat grains,’ so that both time and temperature of 
heating are important, particularly in the high range 
necessary for forging. It is realized, of course, that 
a main requirement is to be able to forge the steel 
successfully and that forging tends to break down 
the crystal size. Excessive grain growth must be 
controlled, in fact there is no reason why this 
variable should not be eliminated completely. Good 
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heating, good forging and correct cooling refines 
the grain which, as has already been mentioned, 
tends to reduce machinability. But do not let this 
tempt anyone in departing from correct forging 
technique or encouraging grain growth, because 
heat treatment is expected to give its correct results 
as well. 


Composition 

Probably the biggest single factor responsible for 
pronounced differences in machinability is the 
influence of composition. The composition of a 
steel is usually determined by physical strength 
considerations or other properties such as corrosion 
resistance and magnetic requirements. These 
physical requirements, of course, arise by design 
according to the stresses to be tolerated. The 
alloying elements most commonly used to effect 
modification of properties are nickel, chromium and 
molybdenum. Their influence even on small 
quantities on the basic iron-carbon alloy are pro- 
found. Some elements, such as boron, have an 
optimum effect when added in quantities as small 
as 0-0005°,. Nickel and chromium, however 
except when used for purposes of either magnetic 
or corrosion modification, rarely exceed 5°... Such 
alloy additions must have commercial tolerances, 
and although small in actual quantity are appreciable 
as a percentage of the total alloy addition. 

Nickel and chromium strongly influence the 
strength of the ferrite, which is usually in pre- 
ponderance at the machining stage. Thus further 
variables must be tolerated by reason of chemical 
specification alone. The variation in the combined 
effects of these elements is also considerable— 
mainly because of their differing effect on the 
principal critical points, which in turn, determine 
the metallographic make-up resulting from heat 
treatment. It is fairly well established that the 
simpler uniform structures are far easier to machine 
than the more complex, the latter being far more 
susceptible to variation of forging or hot-working 
techniques, and in particular, to cooling rates when 
normalizing or annealing. 

Obviously, engineering recognizes the main 
differences between alloy and carbon steels and 
does not demand the same machinability value 
for both. Alloy steels are also prone to strain 
hardening, another detrimental factor in cutting 
operations. Since the war, it has been shown by the 
development of the En 320, 350 and 360 series that 
relatively high nickel and chromium is not essential 
to produce the properties previously required of 
such steels as the En 33 to En 39 specifications. 
This change in composition has had a marked effect 
on some production rates despite differences still 
to be found as a result of the variations in their 
metallographic make-up. There is still a wide 
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scope, however, for the study of microstructure and 
its effect on machinability in those cases where the 
former is readily modified by slight changes of 
composition. 


Heat Treatment 


Variations in heat treatment are a main cause of 
unnecessary differences in machining performance, 
and it is sad to have to say that these variations 
often arise from a lack of knowledge of the theory 
of the process. It is fair to assume that, due to the 
efforts of metallurgists, the days of ‘ heat to cherry 
red and dip in water’ should have died as surely 
as the phlogiston theory did. But alas, cherries are 
still growing and do not change in colour. To 
many, heat treatment is a necessary evil, a curse— 
completely unnecessary, and in any case they know 
the best way of doing it. 

Initial crystallographic orientation, distribution, 
grain size and composition, are each and collectively 
responsible for the reaction of a steel to thermal 
treatment. It must be said that the variations 
arising from heat treatment often far outweigh 
those due to the other factors, and that these 
variations are in themselves greatly responsible for 
the greater inconsistencies in machinability. Today 
modern production must achieve at least two 
objectives simultaneously, namely to maintain 
dimensional tolerances and to produce at an 
economic machining rate. The complex and suc- 
cessful machine tool has to be ‘set.’ To do so, 
a batch, or at the most, two batches of forgings or 
bar stock are used as setting pieces. This deter- 
mines tool rakes, lubricants, spindle speeds and 
feeds. It is often touch and go whether subsequent 
batches are worse than or better than the setting 
batch in performance, according to whether the 
setting batch was in its best or worst machinable 
condition. One never hears about improvement in 
performance, but plenty about deterioration. 

With certain types of steel, it has been shown 
that, where a given composition can be produced 
in more than one metallographic condition, one 
structure is preferable for certain operations than 
another. This is clearly demonstrated in the high- 
carbon-chrome steels of the En 31 type, where 
sub-critical annealing, resulting in a spheroidized 
structure, is much more desirable than the lamina 
pearlite when turning operations are involved. 
Even with this structure, however, variation in 
cutting performance can be detected when the 
spheroids themselves vary unduly in size. Thus, 
in this case annealing treatment is very critical. 
Many forgings are machined in the normalized 
condition. In fact, large forgings depend upon 
accurate normalizing for their final physical pro- 
perties. The object of normalizing is to restore a 
consistency of structure after deformation, grain 
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growth or often for the removal of internal stress. 
It must be repeated that consistency is the only 
aim of a normalizing treatment. The process con- 
sists of completely redissolving the carbide in iron 
at a temperature above the upper critical, and 
cooling in air at a rate sufficiently slow to suppress 
transformation to martensite or the bainites, but 
rapidly enough to prevent the coarse pearlitic 
structures which can arise from the slower cooling 
process of annealing. Thus care at normalizing 
temperature is important and the rate of cooling 
can only be achieved if hot surfaces have equal 
chance of shedding heat. Large heaps of forgings, 
both when heated or cooled, result in a marked 
variation of normalized structure. This variation 
will be reflected in the ease and consistency of 
cutting in production. Similarly, if full annealing 
is the object, the rate of cooling must be fully 
observed. 

By hardening and tempering a steel of suitable 
composition, not only can desirable physical pro- 
perties be obtained, but consistency of machina- 
bility can be improved. The effect of segregation 
can be minimized by reprecipitation of the carbon 
from the austenite solution by quenching and can 
be further enhanced by correct tempering. Even 
more useful results can often be obtained by the 
use of isothermal treatments, that is, transforma- 
tions controlled by time and temperature. 


The best balance of all the properties of steel 
resulting from heat treatment is obtained by the 
correct formation of 100°, martensite, followed by 


tempering. Equal hardnesses can be achieved 
either by correct hardening and tempering, or by 
slack quenching with or without further tempering. 
But the result, as measured by machinability, can 
be vastly different, nor, of course, are the physical 
properties balanced. Some steels are more suscep- 
tible to variation of such treatment than others. 
For example, the machinability of En 39 varies 
enormously with bar or forging finishing technique 
—enough to make the difference between high- 
speed machinability and impossible to cut, let alone 
maintain consistently accurate dimensions. 

Because of a somewhat wide variation in British 
steel specifications, completely uniform thermal 
treatment is often made difficult, if not impossible, 
but this is not an excuse for increasing the diffi- 
culties by lack of attention to temperature, furnace- 
loading techniques, cooling arrangements, quenching 
facilities and tempering control. These factors are 
the enemies of satisfactory machinability and the 
champions of inconsistency. 


Hardness 

The main method of control of heat treatment, 
namely hardness testing, is perhaps the biggest 
pitfall. Hardness values, as measured by any of the 
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accepted methods, are rarely a guide to machina- 
bility. Let us quote an example of the difficulties 
of interpretation. The schleroscope—a rebound 
method—is used for testing large masses, such as 
forgings. The harder the metal, the higher the 
indicator bounces. But what if the test was carried 
out on rubber? The indicator would still bounce. 
Does equal bounce mean equal machinability ? 
Referring back to annealed En 31, the difference 
in terms of hardness between the spheroidized 
structure, the laminar structure and a mixture of 
the two is not easily shown by indentation hardness 
methods. In the case of En 39. there is an optimum 
range below and above which machinability de- 
teriorates considerably. Apart from this, the struc- 
tural condition within this optimum range is very 
significant and will cause considerable variation in 
performance. 

Straight-carbon steels and highly-alloyed steels 
can be heat treated to the same hardness range but 
their machining characteristics will be different. 

Hardness must only be considered as a guide, 
and then only when the same composition and 
treatment is being tested. ‘ The softer—the easier ’ 
is far from true. Until some few years ago, 300 
B.H.N. was often quoted as the limit of machina- 
bility, but today the machining of forged materials 
up to a tensile of 85 tons/sq. in. is quite normal 
practice—in fact, the finish obtained at the higher 
hardness range is often superior to that resulting 
from similar operations on softer materials. 


Surface Phenomena 

What other factors can affect the behaviour of 
steel forgings when being machined on a repetitive 
production basis? Surface conditions are of con- 
siderable importance. Incorrect furnace atmosphere 
can produce serious surface decarburization. A 
decarburized layer is pure ferrite—one of the most 
difficult, if not the most, of all metallurgical phases 
to machine. It is very soft, highly ductile and 
consequently difficult to shear. It clings to cutting 
edges, increases frictional heat and promotes weld- 
ing of swarf aggregates to the tool edge. De- 
carburization involves the simultaneous cutting of 
a duplex steel. Obviously, cutting conditions can- 
not be correct for two different steels of widely 
differing composition and properties. Consequently 
poor finish and poor tool life result. In the same 
category, adhering scale is just as detrimental, being 
non-metallic and highly abrasive. Again machina- 
bility performance is seriously impaired and pro- 
duction stoppages increase. 

Steel making, hot working, composition, forging 
technique, heat treatment, hardness testing and 
surface conditions have been briefly discussed in 
their relation to machinability. They each have 
their individual effects and yet can be accumulative. 
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When uncontrolled, they all lead to inconsistency 
in machining. 


Conclusion 

What, then, can the drop forger do about all this ? 
He can control those variables which occur wit hin 
his processing. He can ensure that compositions 
are within those specified, that temperature and 
time at forging heat are correct and are held to a 
minimum, thus also controlling scaling, decar- 
burization, burning and grain growth. He can 
carry out heat treatment correctly and where 
criteria, such as structural conditions, are known to 
be necessary, he can keep them within the optimum 
by suitable inspection. He will not be able to 
influence much those known causes of bad machina- 
bility due to steelmaking, but it is not necessary to 
add to them. 

By contributing to a maintenance of quality, the 
emphasis will shift to other factors affecting 
machinability, which can be investigated according 
to their seriousness. The forging industry can play 
its part in ensuring the success of specialized 
machine tooling by making predetermined levels 
of operating efficiencies attainable, thus reducing 
costs and creating a demand for more forgings. If 
they do not—look out for an increased tendency to 
make use of fabrication processes such as welding, 
and copper brazing. 


Electric-melting Exhibition 


New ideas in electric melting are being shown to industry 
at an exhibition held by Birlec Ltd. in conjunction with 
the London Electricity Board, at the Board’s premises in 
Nelson Street, East Ham, Birmingham, until March 21, 
admission free by invitation. 

Principal exhibits are the new Birlec-Morgan electric 
diecasting furnace, the latest type of Birlec Tama tilting 
furnace and the Birlec Ajaxomatic holding and pouring 
unit for aluminium diecasting, operating under production 
conditions with a Herbert-Reed-Prentice diecaster. 

The Ajaxomatic is designed to eliminate ladling by 
delivering predetermined quantities of metal directly into 
the chamber of the diecasting machine, ensuring greater 
efficiency of timing and metallurgical control. The 
rapid automatic operation of the Ajaxomatic enables the 
production of aluminium diecasting to reach the same 
level as that achieved with zinc. Similar in principle to 
the company’s Tama channel-type induction melting 
furnace, it is rated at 20 kW. and has an average power 
consumption of 10 to 12 kW., with a useful molten 
capacity of 300 lb. It is simple to operate and gives 
greatly improved working conditions. 

The Birlec-Morgan E.D.F. electrically heated crucible 
furnace also has a capacity of 300 Ib. It is rated at 25 kW 
and is fitted with fully-automatic temperature controls, 
giving constant performance with no quality variation in 
the metal. By the inclusion of an automatic time switch, 
costs incurred in starting up the plant before normal 
working hours are very much reduced. Also on show is 
a scale model of the latest Birlec Detroit rocking arc 
electric melting furnace. 
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INSTITUTE OF METALS 


Secondary Metal Recovery 
discussed at Swansea 


T a meeting of the Institute of Metals held at 

the University College of Swansea last month, 
Mr. H. J. Miller, M.Sc., F.1.M., of the Metals 
Division of the Imperial Chemical Industries Ltd., 
dealt in an able manner with the position occupied 
by the secondary metals industry, one of great 
importance because of the large financial values 
represented by the uprising of scrap in various 
forms. 

There is a wide dissemination of secondary 
materials and a multitude of interests involved, in 
the handling of such metals. In the majority of 
cases, ‘scrap passes through many hands in the 
course of collection and grading which preceeds 
utilization. Statistics indicate that the proportion 
of virgin metal to scrap metal is in some instances in 
the ratio of 60:40 which is typical for copper and 
lead. With iron and steel, the ratio of scrap is on a 
higher basis. With some other non-ferrous metals 
the scrap ratio is of a lower order, such as with zinc 
and tin, which follows from the nature of the primary 
uses of these metals. It is estimated that the 
secondary metals industry approaches some 2 
million tons yr. of copper, | million tons yr. of lead, 
and large tonnages of the other non-ferrous metals. 
It is important that it should be appreciated that 
these global figures refer to secondary materials in 
all forms and that they are not confined to old or 
demolition metal. 

The three sources from which secondary metals 
are derived are the metallurgical and consuming 
industries, and from demolition operations. 
Actually, statistics are much confused because of 
the different practices in recording scrap and it is 
difficult to interpret figures from different sources, 
countries and industries, due to varying customs. 
The practice in the steel industry is to return the 
gross tonnage of steel ingots cast, including run- 
around scrap. The non-ferrous metals industry 
does not report its data in this manner. 


Secondary Copper Scrap 

Metallic scrap can be used direct whereas non- 
metallic scrap must be subjected to some form of 
pre-treatment or melting operations. Scrap comes 
from about 200 different compositions of copper 
and copper alloys, and it is customary for metal 
merchants to classify into about 30 different 
classifications, to suit the main branches of the 
industry. These broadly fall under the following 
headings:—({1) Gun metal castings and ingots, 
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2) brass castings and ingots, (3) extruded brasses, 
4) wrought alpha brasses, (5) copper refined (fire 
refined), and (6) smelted into rough copper, 
followed by electrolytic refining or conversion into 
copper sulphate. 

In these groups, there are several individual 
covering alloys of a wide range of main compositions 
or impurity tolerances. Scrap may be utilized in 
each of these according to the impurities present 
and other factors. With swarf, it is customary to 
remove water and oil by centrifuging, followed by 
magnetic treatment. With sheet mill cuttings, 
visual inspection only is generally applied and the 
material is then baled into briquettes of suitable 
weight. With old copper-wire scrap such as 
telephone lines, the only treatment is baling. In 
the case of cables of large size, it is possible to 
separate the armouring and lead sheath from the 
copper cores by mechanical methods and hence 
clean copper is recovered for use. In the case of 
small size cables, and those which are badly de- 
formed, the only way of separating is by sweating 
in a sloping hearth furnace so that the lead is melted 
and runs away for external collection. The copper 
in this case 1s contaminated with lead and the uses 
are restricted. Scrap radiators are best treated by 
heating in a super-heated steam or a completely 
non-oxidized atmosphere so as to melt the solder 
and thus remove as much as possible. It will be 
appreciated that a considerable amount of labour 
is involved in obtaining the metals in forms in which 
they can be used to advantage. 

The largest single use of copper-tin-zinc scrap 
material is for the production of gun-metal ingots to 
the various specifications given in B.S. 1400 which 
includes a wide range of compositions, the most 
popular variety of which is the 855/5/5 gun metal. 
For mixed gun metal and commercial brass scrap 
in fine forms this outlet is most useful. The zinc is 
volatilized in operations down to the desired limit of 
5°.,, other oxidizable impurities are converted to 
oxides and pass into the slags. The manufacture of 
gun-metal ingots is a large activity, which is useful 
in consuming large amounts of mixed copper alloy 
scrap that would otherwise have to pass to smelters. 
Brass ingots and castings likewise provide important 
outlets for copper alloy scrap, though this market is 
more restricted. 

The extruded brass industry is the largest single 
user of scrap, although in this country the fire 
refining of copper is of comparable importance, 
tonnage wise. Here, at the present time, the pro- 
duction of semi-fabricated products is about 
130,000 tons yr. out of 700,000 tons, say 20”,, of the 
total, with the copper content about 15”,, of the 
total. Virtually almost the whole of this copper 
content is derived from scrap. The prime reason 

Continued on page 123 
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Distortion and Cracking 


F. D. WATERFALL 


The large number of interrelated influences controlling distortion and cracking 
during heat treatment makes the subject a difficult one to present in an organized 


way. 


The author considers two main factors—change in shape and change in 


volume, and discusses ways of preventing the phenomenon. This lecture, the fourth of 
the lectures on ‘Modern trends in the heat treatment of steel’ given at the Wolver- 
hampton and Staffordshire College of Technology, will be concluded in next month’ s 


issue. 


The author is with the Technical Service Department, Heat Treatment 


Section, 1.C.1. Ltd., General Chemicals Division 


HE subject of distortion and cracking during 

heat treatment is difficult to present in an 
organized way because of the large number of 
interrelated influences that control their incidence. 
Fundamentally two main factors must be con- 
sidered: (1) a change in shape excluding any 
change in volume arising from transformations, 
which is affected by the dimensions of the part 
being treated, the method of heating and cooling, 
or support during treatment; and (2) the change 
in volume which is the result of the transformations 
occurring during hardening and tempering. 

Let us consider the volume changes that occur 
during heating and cooling of steel. On heating, 
there is the inevitable thermal expansion, amounting 
to about 3°,, by volume when heating from room 
temperature to 850°C. This change takes place, 
during uniform heating, uniformly throughout the 
steel and can, with care, be accommodated without 
appreciable distortion. On the other hand, non- 
uniform heating results in non-uniform expansion 
with attendant stress and distortion on heating. 
The formation of austenite from pearlite on heating 
through the Ac, point results in contraction in 
volume. Conversely, an increase in volume occurs 
when austenite transforms to pearlite on slow 
cooling. However, at increased rates of cooling 
the austenite-pearlite inversion is suppressed in 
part, or entirely, and is ultimately replaced on small 
sections which are rapidly cooled by the austenite- 
martensite transformation, which gives rise to an 
increase in volume of approximately 1°,, at a low tem- 
perature and within a narrow temperature range. 


These changes are shown diagrammatically in Fig. 1. 

Now to examine these changes in more detail. 
Take a 1°,, carbon steel sphere heated to 700°C., 
1.e. below the Ac, temperature, thus remaining 
pearlitic. When this is quenched into water the 
exterior layers will immediately cool to the 
temperature of the water and will endeavour to 
contract as far as possible. Beneath these layers 
are regions whose temperature has not fallen as 
much because they are more remote from the 
surface whence the heat is being extracted—thus 
the contraction of these regions is delayed. The 
exterior surface is therefore exposed to a bursting 
force because it is shrinking (in a sphere) on to an 
unyielding core. As the temperature difference 
between edge and centre falls, the central regions 
undergo contraction and the bursting pressure is 
thereby removed; indeed, the tensile stresses 
are replaced by compressive stresses in the skin. 
If a sphere of steel is heated rapidly the surface 
expands, subjecting the underlying layers to 
tension. (In very large sections, such as ingots, 
rapid heating can cause cracking due to the stresses 
resulting from differential expansion of surface and 
inside layers.) 

When a similar sphere is quenched from above 
the critical temperature the external skin first 
shrinks but later transforms to a hard brittle layer 
of martensite, with accompanying expansion. The 
layers immediately beneath this skin transform 
progressively to martensite when they cool through 
the 200 to 100°C. range, with a further increase in 
volume. When this 1%, carbon-steel sphere is, 
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produce appreciable plastic deformation. Therefore 
it is imperative that parts with length appreciably 
greater than cross-section should be well supported 
during heating, otherwise they will deform under 
their own weight. An illustration of the deformation 
produced by low stresses is given by A. L. Prances 
Steel, January 26, 1953), in which tests were 
carried out on bars of steel 10 in. by 2 in. by } in. 
placed flat on supports 9 in. apart and loaded at the 
centre of the span. They were heated for 1} h. at 
900°C., followed by slow furnace cooling. 

As is shown in Fig. 3, the amount of distortion 
increases rapidly with increase in surface stress, 
but even at low stresses of the order of a few 
pounds per square inch the distortion is appreciable. 
When reducing the free span by provision of 
intermediate support, or by increasing the vertical 
section, 1.e. by placing the bars with the 2-in. 
dimension vertical, distortion is considerably re- 
duced under the same loads. This example 
emphasizes that distortion can occur during heating 
and cooling even at slow rates when the lack of 
proper support introduces bending stresses. 

Diecasting dies, such as that illustrated in Fig. 4, 
would distort if heated to hardening temperature 
too rapidly. In muffle practice, the part should be 
properly supported in a relatively cool furnace and 
raised with the furnace to the hardening tempera- 
ture. In the salt bath method, dies are heated in 
air to 400°C., complicated shapes transferred to 


Fig. 4 (left) Typical diecasting die likely to distort if heated 
too rapidly to hardening temperature 


Fig. 5 (right) Cracking in a component consisting of a solid 
base attached to a thin cylinder with a sharp notch at the 
hange in section 
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salt at 750 C., and then dies and salt raised together 
to the hardening temperature prior to quenching. 


Stresses in the Material Prior to Heating 


The above conditions are aggravated by the 
presence of internal stresses present in the material 
before heat treatment. In cold-drawn bar large 
and unevenly distributed stresses are frequently 
present. Forgings and heavily machined parts are 
also in a stressed condition. These stresses should 
be relieved by a sub-critical anneal, or by normaliz- 
ing, before final machining. Should the part 
contain stresses prior to heating, these will cause 
distortion during heating. Such stresses can result 
from lack of a normalizing treatment after, say, 
forging or from use of cold-drawn bar stock, or 
again appreciable stress results from heavy cuts 
during machining. Intricate parts with close 
dimensional tolerances should, as a rule, be stress 
relieved at 650°C., prior to final machining. 


Influence of the Martensite Formation 


We have previously given an example of the 
increase in volume occurring when a |-in.-dia. bar 
of carbon tool steel is quenched. In Table II the 
effect of specimen size and type of tool steel on the 
volume change is shown. This table is taken from 
J. Y. Riedel, Metal Progress, 1950, pp. 853-859. 
Note that, although for small pieces of carbon tool 
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eeu Fig. 1 Dilation Fig. 3 The effect 
2s i%e CARBON STEEL curves in 1%, car- of surface-fibre stress 
¥ 0.010] | SLOW HEATING bon steel during 0-5 on, distortion of bars 
gy heating and cooling a 10 in. by 2 in. by 4 
© 0.008} 2. SLOW COOLING w 0-4) in. placed flat on 
z | 3. WATER QUENC Vv supports 9 in. apart 
z 0006 LA z= 0.3} and loaded at the 
2 0.004} - centre of the span, 
> q 00.2} then heated for 14 h. 
< 0.002} Z 2 3 3 at 900°C. in a muffle, 
x 4 © 0. followed by slow cool- 
° 001 4 ing in the muffle (A 
O 200 400 600 800 re) 4 4 rl 1 1 L. Prances, Steel, 
100 300 500 January, 1953 
TEMPERATURE °C 
SURFACE FIBRE STRESS 
a L8S/SQ IN) 
a bars, and Table I summarizes the dimensional 
900 F x “5 changes observed 
~ ges observed. 
COARSENED’ aT 100% 
COOLED TO 780°C WATER QUENCHED wl , 
laste I Effect of grain coarsening on volume change 
, 700 + during hardening of 1°, carbon steel 
s aaa a 
> Length Diameter Volume 
a aan movement, movement,’ increase, 
3 r inches inches % 
a pena iad er 
¢ 12 in. long by 1 
soo} in. dia. 1%, car- —0-018 0-0025 
bon steel, water 0-15% 0-26% 0-35 
hardened from 
780°C. 
400 alin be me + 4. ale at ees | | gS 
' ¥ ° 
° 8 4 % ¢ M% “ Y% 12 in. long by 1 
in. dia. 1°, car- 
bon steel, heated —0-001 0-0035 
F . 
| DISTANCE FROM SURFACE (INS) to 1,000°C.. 0-01°%, 036% 0-75 
Fig. 2 Effect of grain coarsening on depth of hardening, cooled to 780°C., 


thus volume of martensite formed, in bars of 1°, carbon steel 


say, 1 in. or more in diameter, the central regions 
will not expand appreciably because the harden- 
ability of the material is low, so pearlite will form 
from the austenite in the core with only slight 
expansion during transformation. As this pearlite 
cools from temperature of formation to that of the 
quenchant it shrinks in volume, resulting finally in 
compressive stresses in the hardened surface layers. 

Turn now to a cylindrical bar of 1°,, carbon 
steel, 1 in. dia. by 12 in. long, quenched in water 
from 780 C.: the volume increase was 0-45°,,. It 
would consist, as hardened, of a shell of martensite 
surrounding a core of pearlite. If more martensite 
could be formed during quenching the volume 
increase would be greater. A similar-sized test 
piece | in. dia. by 12 in. long, from the same bar of 
1°,, carbon steel, was first grain coarsened by heating 
to 1,000°C., then cooled to 780°C., and water 
quenched. Its volume increase was 0-75".,, i. 
greater than that of the bar heated to and quenched 
from 780°C., because the material grain coarsened 
before quenching had hardened to a greater depth. 
Fig. 2 shows the depth of hardening in the two 
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and water 
_ quenched 


A fine-grained shallow hardening steel in all but 
small sections alters less in volume during quench- 
ing than a coarser-grained deeper-hardening steel 
of the same analysis. 

The fact that retained austenite is more dense 
than the annealed (pearlitic) structure from which 
it is derived suggests a method of reducing volume 
change during hardening of parts in alloy com- 
positions where appreciable austenite retention 1s 
possible. By choosing conditions where austenite 
is retained, z.e. by increasing the quenching tem- 
perature, the increase in volume due to formation 
of martensite may be balanced against the decrease 
in volume brought about by the presence of 
austenite, always provided the requisite hardness 
is obtained in spite of austenite retention. 


Stresses during Heating 

It is well known that hot steel is less strong than 
cold steel. In fact, at normal heat-treatment 
temperatures the yield strength of many steels is 
almost negligible, i.e. only a very small load will 
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The Re-nitriding of Steel 


G. J. COX, A.IL.M., A.C.T.(Birm.) 


It has previously been usually accepted that a nitrided steel, unlike a carburized 
steel, cannot be restored to the full hardness after annealing. It is attempted to 
show in this article that this limitation, whilst true for aluminium-chromium- 
molybdenum steels, is not applicable to chromium-molybdenum or chromium- 


molybdenum-vanadium steels. 


The author, now of Mond Nickel Co. Ltd., 


Development and Research Laboratory, was previously with the Heat-treatment 


Development Laboratory of Joseph Lucas Ltd. 


The article, the first part of which 


appeared last month, is concluded in this issue 


Experimental Work: Part Il 


THE SAMPLES for the first treatment consisted of 
small bars of steels A, B and C which had previously 
been nitrided for 72 hours at 500°C. These 
specimens were heated for eight hours at 1,000°C. 
in a sealed box through which argon was passing. 
This treatment was used as it had already given the 
best results so far obtained. 

After de-nitriding, the bars were lightly polished, 
re-nitrided and then taper ground to enable depth- 
hardness plots to be made; two bars were also 
hardened and tempered before re-nitriding. The 
results of this test are shown in Figs. 3, 4 and 5 
and in Table IV, from which it is clear that the 
steels which have chromium as the predominant 
alloying element re-nitrided quite satisfactorily. 
The aluminium-containing steel again failed to 
respond. 

Having established that at least one treatment 
could be successful, the object of the next group 
of tests was to find a de-nitriding 
method more suitable for produc- 
tion use. The aim was to reduce 
the temperature and time of treat- 
ment and also to find a substitute 
for argon as a protective atmo- 
sphere. It was decided to treat 
test bars, therefore, both in and 
above partly burnt charcoal. When 
actually in the charcoal, the bars 
would be subject to some carburiz- 
ing effect. When held just above it 
some protection should be obtained 
from the atmosphere created. The 


latter method, of course, is one frequently used in 
the commercial hardening shop for the protection 
of alloy tool steels, especially those of the high- 
carbon high-chromium type; the familiarity of this 
technique recommended it for experiment. The 
need for protection, of course, will be appreciated, 
as a brittle surface results when decarburized steel 
is nitrided. The fact that the test bars were enclosed 
in nickel-chromium pots would allow the cooling 
rate to be fairly slow and thereby lower the resulting 
surface hardness. 


Steel B was used exclusively for the ensuing 
experiments, as a further supply of steel C was not 
available. It was felt that, due to the similarity of 
composition between these two materials, they 
could be expected to respond similarly. Also the 
hardening and tempering treatment before re- 
nitriding was now omitted, as this had been shown 
to have no effect on the final result. 

Tests were carried out, therefore, for various 
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Fig. 3 Depth-hardness curves for steel A 
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TaBLe II Effect of specimen size and composition of alloy 
on volume change during hardening (7. Y. Riedel, Metal 
Progress, 1950, pp. 853-859 





Hardening Volume 





Steel Size of specimen — treatment, | change, 
9a oo 
jin. dia. by 1}in. | 780 brine 0-9 
1 in. dia. by 3 in. - a 0:5 
Carbon 4 in. wafer cut - ie 0-3 
tool from centre of 1} 
steel in. dia. by 3 in. 
piece after har- 
dening 
Mn oil 
hardening | 4 in. sq. by 1 in. | 800 oil 0-6 
Si-Mn 4 in. sq. by 1 in. | 885 oil 0-6 
Air harden- 
ing 5% Cr 4 in. sq. by 1 in. 970 0:3 
2% C 
12%, Cr 4s in. sq. 1,010 -0-1 





steel the volume change is as much as 0-9°,,, larger 
sections of the same material change less in volume 
because the larger sections do not harden through- 
out. Most applications of carbon tool steels involve 
sizes which do not harden throughout. The reason 
that water-hardening steels distort more than oil- 
hardening steels is that the major part of the 
distortion arises, not from the volume change due 
to formation of martensite in itself, but from 
stresses set up during quenching when part of the 
component cools—and forms martensite—whilst 
other parts are still hot and plastic. 

From the foregoing, it follows that a given part 
made in a steel requiring water quenching to 
harden will distort more than the same part made 
in a steel capable of being hardened by oil quench- 
ing. Again, the same part made in a steel capable 
of being hardened by air cooling from the hardening 
temperature will generally distort less than when 
made in material requiring quenching in either oil 
or water. In other words, the more severe the 
quench the greater will be the thermal stresses, 
and thermal stresses during quenching have a 
greater influence on distortion than the actual 
volume of martensite formed. 


Effect of Tempering Martensite 

The tempering of martensite causes contraction 
and thus offsets somewhat the expansion resulting 
from martensite formation. Table III gives some 
data on this effect. In theory the size change 
resulting from martensite formation could be 
eliminated by tempering at a sufficiently high 
temperature, but this, of course, would generally 
result in the part being too soft for the intended 
application. 


Effect of Shape 
The most important single factor is unevenness 
of section, and it cannot be over-emphasized that 
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TaBLe III Volume changes which occur during tempering 
of hardened steel 





Volume change 


Volume change | after hardening 





Steel on hardening, | and tempering 
% at 200°C., ° 
Carbon tool steel. . 0-9 +0-°8 
{ in. dia. by 1} in. 
Mn oil hardening 0-6 0-45 


Si-Mn shock resist- 
ing + “— 0:6 0-5 
Air hardening (5°, 
Cr ; ee 0-3 


where changes of section are inevitable it is desirable 
to reduce these changes to a minimum and blend 
thick and thin sections with ample radii. The 
effect of a notch is always to cause a concentration 
of stress in its vicinity. The stress concentration 
increases with depth of the notch and inversely as 
the radius of the root of the notch. Although this 
fact is nowadays generally appreciated, constant 
vigilance should be exercised to see that it is 
carried out in practice. An extreme example 
which resulted also in cracking is the part shown 
in Fig. 5, consisting of a thin cylinder attached to 
a solid base. The original diameter of the part was 
2-550 in.; after hardening the diameter of the 
thick section was 2-501 in. and that of the thin 
section 2-507 in. 


Mode of Quenching 


Hardening of cylinders whose length is consider- 
ably greater than the diameter provides an interest- 
ing example of the influence of mode of quenching 
on distortion. The best method of quenching 
carburized En 32 steel rollers used in textile printing 
—1 in. dia. by 2 ft. in length—is by rolling them 
down skids into the water quenching tank, rather 
than quenching slowly with the bar in the horizontal, 
vertical, or inclined position. When a cylindrical 
bar of this length is quenched vertically it is prac- 
tically always found that the diameter increases and 
the length contracts slightly. An explanation of 
this effect may be given in the following way. As 
the end enters the quench, it is hardened and the 
circumference tends to expand. As the quenching 
of the surface proceeds the expansion of the surface 
“sucks in’ the hot plastic steel and therefore the 
length is reduced before the upper end can be 
hardened and complete the hard unyielding skin 
of martensite. This line of reasoning suggests 
that some measure of control of variation in dimen- 
sions is possible by altering the speed at which the 
bar is introduced into the quench bath when 
quenching is vertical. 


To be continued 
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TABLE IV De-nitriding experiments with steels A, B and C 
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; Surface 
Surface hard- Surface hard- hardness 
ness after ness after oil after re- Depth 
Steel De-nitriding treatment de-nitriding, quench and nitriding, | Nitriding cycle | hardness 
V.P.N. temper, V.P.N. V.P.N curve 
reference 
10 kg. 30 kg. 10kg. 30 kg. 10 kg 
A 8 h. at 1,000 C. in an argon 260 275 380 400 _ 72h. at 500°C 3 
B atmosphere 371 375 380 397 894 4 
Cc 560 _ 450 475 894 5 
4h. at 1,000 C. in partly- 
B burnt charcoal packed in a 1) 620 a — =~ 813 - 6 
nickel-chromium pot 2) 680 — _ = 835* 6 
4h. at 1,000 C. placed above 1) 374 -— = — 858 24h. at 500 C 7 
B partly-burnt charcoal packed | (2) 397 430 — _ 882 40 7 
in a nickel-chromium pot 3) 350 — — — 847 4s ~ 
4) 375 a _ _- 835* 72 99 7 
2h. at 1,000 C. placed above 
B partly-burnt charcoal packed 1) 350 —_ — — 813* 72 h. at 500 C x 
in a nickel-chromium pot 
4 h. at 900°C. in partly- 
B burnt charcoal packed in a 1) 240 — — — 600 ™ 8 
nickel-chromium pot 
A 2 h. at 820°C. in neutral | (1) 500 — — a 580 Pr 8 
B salt (2) 250 =e — a 350 
* Showed evidence of inferior surface 
1,000°C. gave marginal results (Fig. 8). It is nitrogen has not been removed. After re-nitriding 


interesting to note how the two ineffective de-nitrid- 
ing treatments, i.e. the Merten method and treat- 
ment at 900°C., lead to the same shape of depth 
hardness curve after re-nitriding (Fig. 8). 


Microscopic Examination 

Referring to the first section of the experimental 
work on steel A, Fig. 9 shows the structure near 
the surface after nitriding and heating in argon for 
17 hours at 1,000°C. It is evident that all the 


the case has a reasonably normal appearance; 
a modified white layer (Fe,N) can be seen on the 
steel surface (Fig. 10). 

In the second section of the work dealing with 
steel B, Fig. 11 shows the surface structure after 
nitriding and then de-nitriding in charcoal for four 
hours at 1,000°C. The high surface hardness can 
be seen to be due to bainitic transformation pro- 
ducts and retained austenite is also present. Fig. 12 
shows the unetched structure after de-nitriding 

above partly burnt charcoal for four 
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] hours at 1,000°C. Here the remains 

of a white layer can be seen. In 
the etched condition (Fig. 13), it is 
apparent again that some nitrogen 
remains in the steel, a chain-like 
precipitate of iron nitride, possibly 
Fe,N, being visible. 

The re-nitrided structure of this 
sample is shown in the unetched 
condition in Fig. 14 and in the 
etched condition in Fig. 15. A 

speckled zone of about 0-001 in. 
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Fig. 7 Depth-hardness curves for stee/ B 
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Fig. 4 Depth-hardness curves for steel B 


times at 900 and 1,000°C. with the 
sample bars both in and above 
charcoal. In these latter tests the 
bars were laid on wire mesh in a 
nickel-chromium carburizing pot 
above a bed of partly-burnt charcoal 
about 2 in. deep, the lids were 
placed on the pots and they were 
then heated in an electrical heat- 
treatment furnace. The original 
de-nitriding method suggested by 
Merten was again tested to provide 
a comparison and here one further 
experiment using steel A was made. 
The results are given in Table IV 
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Because of the carburizing effect 


—e ——e— the ‘ as-de-nitrided’ hardness is 


KEY . 
NIMROD 72 OUR higher when the samples are treated 
aT soo* : _ 
2 NITRIDED 72 HOUR in charcoal at 1,000°C. and de- 
aT SOOrC 


DE-NITRIDED IN AN 


nitriding above charcoal is, there- 
<0ON EROS fore, preferable (Table IV). It was 
AT $008 found quite easy to hacksaw through 
these samples. Generally, it should 
be remembered that nitrogen in- 
creases the hardenability of steel 
and, whatever the technique used, 
a slow cooling rate from the de- 
nitriding temperature is desirable. 
In some of the tests with steel B 
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a soft skin was detected after re- 
nitriding (Table IV, Figs. 6, 7 
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Depth-hardness curves for steel C 


Fig. 5 


and the accompanying depth hard- 
ness curves. From these can be 
seen:—(a) The Merten process of 
de-nitriding was unsuccessful with 
steel B (Table IV) and it was con- 
firmed that it is ineffective with 
steel A (Table IV and Fig. 8). 


(6) De-nitriding of steel B either 
in or above charcoal allows a satis- 
factory re-nitrided hardness to be 
obtained (Figs. 6, 7 and 8). The 
case depth is related to the time of 
treatment as with normal nitriding 
(Fig. 7). 


Fig. 6 Depth-hardness curves for steel B 
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—_—_J and 8). 

It seems that a temperature of 
900°C. is not sufficient to give 
effective de-nitriding, whilst a 
shorter time of two hours at 
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Fig 12 top left Steel B. Nitrided 
then de-mtrided above charcoal for 


4h. at 1,000°C 200 Unetched 
Fig. 13 (top centre is Fig. 12 


200 Etched 


Fig. 14(top right) Szee/ B. Nitrided, 

de-mtrided for 4h. at 1,000°C., then 

re-mitrided for 24 h. at SOOC 
200 Unetched 


Fig. 15 (left) As Fig. 14 200 
Bt 


fchea 


Fig. 16 (right) Nitrided, de-nitrided 
for 4h. at 1,000°C., then re-nitrided 
72 h. at 500°C 200 
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Fig. 8 Depth-hardness curves for steels 
A and B 
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000} 2 HRS AT 1000" ABOVE | governing its formation are not 
3 S 66ns AT GOP” We known but, as noted above, from 
© » Sar neerc a Table IV it can be seen that several 
. 200} one Been athe pel specimens suffered from this softer 
> eae skin after re-nitriding. It may be 
2 vO STEeL O. that what has been observed is 
Z 600 TO STEEL A either (a) an oxidation product or 
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CASE DEPTH (INCHES With these samples the diamond 


has a fairly normal appearance. Another sample 
after having been nitrided, de-nitrided above char- 
coal, and then re-nitrided showed a dark phase on 
the surface (Fig. 16). This particular specimen is 
related to curve 3 of Fig. 7 and the effect, which 
is about 0-002 in. deep, corresponds to the softer 


hardness impressions were not clear- 
ly defined and this indicates an inferior surface. To 
obtain a satisfactory impression a heavier polish had 
to be applied. Obviously, when this type of surface 


results, a heavier grinding allowance is necessary. 
With the other specimens the impression obtained 
after the normal light polish was clear and sharp, 
which fact was taken to show that the surface was 


skin revealed on the depth hardness curve. Such 
an effect is obviously undesirable. The factors 


of good quality. 
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This article on cold impact extrusion is based on a 
lecture given by H. W. Byles, of Wickman Lid., to 
the Coventry section of the Institution of Production 
Engineers in Fanuary. Mr. Byles also discusses the 
special case of extruding steel parts 


MPACT extrusion, though a relatively new 

technique, has been established in the U.K. for 
some years, and the number of parts produced by 
this method now runs into millions per week. 

Impact extrusion, cold extrusion, cold forging, 
and cold flow pressing all mean much the same 
thing, 1.e. the conversion of metal blanks into shapes 
of another kind through plastic deformation by 
a fast application of pressure. Cold flow simply 
means that the blanks are normally fed at room 
temperature, but any temperature below the 
recrystallization zone of the particular material 
being used would be suitable. 

The process is basically simple, and has three 
main advantages, the most important being economy 
of material. The volume of metal in the blank is 
generally the same as the volume of the finished 
part and, where trimming is necessary after the 
press operation, only a very small percentage of 
metal is lost. 

The second advantage is that parts made by 
impact extrusion are stronger than those made by 
conventional means, owing to the fact that the 
grain flow is related to the shape of the part by the 
plastic deformation which takes place in the press. 
The speed of production is the third main advantage 
of impact extrusion, and is inherent in the process. 
The production rate is often the number of strokes 
of the press per minute, which may be about 60 to 
100 in favourable circumstances. 
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Impact Ex trusion 


ER RE LL A A LT A TE I mS 
. 


Backward Extrusion 


The process has a wide range, with the emphasis 
at present chiefly on the extrusion of aluminium 
and other non-ferrous metals. All shapes and 
sizes of rigid and collapsible containers are currently 
in production in these metals. Various problems 
and difficulties have restricted the use of ferrous 
metals on a large scale, but much research and 
development work, carried out chiefly in Germany 
and the U.S.A., indicates that the field for extrusion 
of ferrous metals may well be wider than that 
occupied by non-ferrous extrusion. 


Basic Methods and Appliances 

There are three methods of impact extrusion of 
which the most commonly used at present is 
backward extrusion, where the metal flows in the 
opposite direction to the movement of the punch. 
The second method is forward extrusion, where 
the metal flows in the same direction as the punch. 
The third is a combination of the two, where 
extrusion takes place in both directions. These 
divisions of the process facilitate the production of 
components of all shapes and sizes, depending only 
on the type of tools employed. 

A typical tool set for the backward extrusion of 
simple square-section aluminium containers consists 
of a punch and two-piece die. The punch, flat in 
the centre, is chamfered at the edges to give better 
metal flow, and a small relief angle is provided 
behind the edge to prevent the component sticking 
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Relation of Results to Previous Work 

It will be seen from the results shown here that 
the 3°,, chromium steels can be de-nitrided and 
then satisfactorily re-nitrided. As far as is known 
the re-nitriding of these steels has not been investi - 
gated by other workers. Apart from this, how 
are the results of the earlier investigators to be 
assessed ? 

It is felt that, although Merten did show that 
a nitrided steel could be softened, when using his 
method the removal of nitrogen cannot have been 
complete and a chemical process was not involved. 
It is not easy to come to conclusions on his claims 
to successful re-nitriding, as no figures are given 
either in the original paper or in his subsequent 
discussion on the paper of Sergeson and Deal. 
He may have re-nitrided the steel quite easily, but 
only after the original case had been largely removed. 

Sergeson and Deal showed that re-nitriding was 
not possible on the original softened surface. The 
3°, chromium steels were not tested, but their 
curves showing loss of nitrided hardness as a 
function of de-nitriding time probably give a 
reasonably true indication of how any steel would 
respond. To obtain softening in a reasonable time 
a temperature of the order of 950 to 1,000°C. was 
shown to be necessary. 

Talbot’s remarks as such are quite correct, but 
are subject to the confusion that exists over the 
His 


various meanings of the term re-nitriding. 
statement that a properly hardened steel can be 
re-nitrided without detriment is confirmed by the 
author’s experience. 


Conclusions 

1. The 3%, chromium-molybdenum and 
chromium-molybdenum-vanadium steels can be 
de-nitrided by heating to a temperature of about 
1,000°C. for a period of two to four hours in a 
protective medium. Using this method, the steels 
can be softened to approximately 350 to 400 V.P.N. 
at which hardness they may be machinable. After- 
wards, re-nitriding can be accomplished on this 
same surface and the full hardness and case depth 
will be obtained. It is advisable, of course, to 
lightly clean the surface before re-nitriding. 

2. Aluminium-bearing steels do not respond to 
this treatment. 

3. The method of de-nitriding proposed by 
Merten is not effective on either aluminium- 
containing steels or on 3°, chromium steels. 

4. On some occasions after re-nitriding chro- 
mium steels, the extreme surface may be slightly 
softer than the underlying case and microscopic 
examination has shown that this surface may be 
of inferior quality. Consequently it is advisable if 
possible to remove 0-001 to 0-002 in. by grinding. 
This grinding is in any case necessary in normal 
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nitriding practice. Generally it is obvious that the 
quality of a re-nitrided case will be somewhat 
inferior to a normal case. However, as long as 
a small grinding allowance is possible, the results 
should be satisfactory for most purposes. 


5. It has been suggested that the results obtained 
in this investigation stem basically from the fact 
that (a) the nitride-forming elements are in the 
combined state after one nitriding treatment, and 
(6) chromium nitride is a less stable compound 
than aluminium nitride. Thus, after heating 
the steel to a moderately elevated temperature, 
chromium nitride dissociates and the chromium 
goes back into solution in the ferrite. On the 
other hand, in steels where aluminium is the 
principal alloying element, due to the stability of 
aluminium nitride, only a partial regainment of 
hardness will be obtained. In view of our ignorance 
of the mechanism of nitride hardening such a pro- 
position can only be regarded as a tentative explana- 
tion. It is suggested that carefully controlled 
experiments should be made in an investigation of 
the loss of nitrogen from nitrided steel—such work 
could lead to a better understanding of the process. 


6. Finally a clear distinction should be made 
between the different cases of re-nitriding. Thus:— 
(a) Re-nitriding of a steel which has already been 
satisfactorily nitrided, but perhaps having a few 
areas on the surface which have been accidentally 
protected, can be carried out satisfactorily. 

(6) Re-nitriding of a steel which has not been 
properly nitrided in the first treatment—due, for 
example, to too high a nitriding temperature or 
poor gas circulation—will not be successful. 

(c) Re-nitriding of a nitrided steel which has 
been subsequently de-nitrided can, as has been 
shown, be carried out satisfactorily with some steels. 
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98°, Grade Vanadium Oxide 


A 98°. vanadium oxide has been added to the list of 
alloys and metals available from the Alloys Division of 
Union Carbide Ltd. The new grade represents a marked 
improvement over former grades which average 86 to 
89 V.O,. The reduction of alkali oxide content to 
not more than 2°, is important to furnace operations 
because of the appreciable elimination of fume hazards 
caused by these oxides. The 98°,, vanadium oxide also 
offers advantages in reduced sulphur content, silica 
content and other contaminants which have a direct 
bearing on the production of high-quality vanadium 
steels. 


Vanadium oxide (98°,.,) is now available in either a 
dense fused form suitable for direct addition to an alloy 
furnace, or in granular form, from the Alloys Division of 
Union Carbide Ltd., 103 Mount Street, London, W.1 
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on the punch. The die is made up of a base plate 
and ring, with the base recessed to take in the 
bottom corner radius up to the junction with the 
straight wall. Another essential part of the process 
is the metal blank which must be a good fit in the 
die and have a slightly rough surface to carry the 
lubricant necessary for extrusion. 

Fig. 1 shows an example of a press producing 
simple cylindrical containers. This machine, made 
by Maschinenfabrik Herlan, Germany, is one of 
a range of horizontal toggle presses with pressures 
from 34 to 800 tons in ten sizes. All are capable of 
very high production rates. The press, which is 
a relatively small one, operates by toggle action and 
gives consistently smooth strokes up to about 65 
min. A carrier mechanism feeds the blanks into 
the die, the movement being interlocked with that 
of the punch. The component is removed from 
the punch by a stripper and falls on to a conveyor 
which ejects it into a box. Both end and walls of 
the extruded parts are then checked for thickness. 
Inspection of the component also gives an indication 
of the wear on the die. 

Blanks may be of any shape, and oval or polygonal 
blanks are quite common. In Britain, impact 


extrusion is chiefly applied to the production of 
hollow parts in aluminium, especially collapsible 
tubes such as toothpaste tubes. These are produced 


in basically the same way, using a domed blank 
with a hole in the centre. Forward extrusion forms 
the nozzle, and backward extrusion forms the body 
of the tube. Tubes with a blind end are produced 
by providing a spring-loaded plunger in the die 
base, which yields enough to allow the thin mem- 
brane of metal to remain over the nozzle. Collapsible 
tubes represent the severest form of impact extrusion 
because of their thin walls, and the pressure 
required to form them is much higher than that 
required for forming rigid containers. 

The pressure required for impact extrusion is 
decided by many factors, wall thickness being one 
of the most important. Reducing wall thickness 
from 3 to 0-3 mm. increases the pressure required 
from 4-5 to 9-6 tons/sq. cm. for aluminium; with 
copper, the figures are almost double. The pressures 
required for impact extrusion of ferrous metals are 
very much higher. 


Steel Extrusion 

Extruded steel parts can be divided into two 
broad groups, solid bodies and hollow parts. The 
hollow parts may have open or closed ends and 
straight sides. They may also have stepped bodies, 
or a combination of different body shapes with 
open or closed ends. The solid parts, usually 
produced by forward extrusion, may also be sub- 
divided into straight-shanked parts with various 
forms of head and parts with stepped shanks, while 
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combinations of these two characteristics are also 
possible. 

Specially designed presses for this process are 
now being developed by several manufacturers. 
There is an underdriven crank press built by 
Maypressenbau, on which the length of stroke and 
speed of extrusion are both variable. Open-sided 
toggle presses from the Maypress range are available 
in capacities from 30 to 100 tons, and are suitable 
for small ferrous components. Straight-sided toggle 
presses, with capacities from 160 to 1,200 tons, are 
suitable for producing heavier types of shallow 
components. For the pressures required to form 
very heavy components, of the order of about 
1,000 tons/sq. in., hydraulic presses are desirable. 
Typical of this group of machines are the presses 
designed by the H.P.M. Co. and now built in this 
country by Cravens, Sheffield (Fig. 2). 

It is true to say that wide interest has already 
been aroused in the possibilities of impact extrusion 
for steel products. The technique has already been 
applied extensively to armaments production in the 
U.S.A. and elsewhere, and the degree of interest 
already expressed points to a wide field of applica- 
tion in the automotive industries. Some of the 
components which seem particularly well suited to 
this method of manufacture are various types of 
power cylinders, gudgeon pins, needle bearing cups, 
bushings, pistons, fuel injection pump parts, special 
nuts and so on. 

The majority of commercial steels can be cold 
worked to a greater or lesser degree in their fully 
annealed condition, but steels in the lower-carbon 
range are usually employed because in many 
instances these steels, after cold working, have 
shown equivalent physical characteristics to some 
higher-grade steels previously used. 

The same basic principles apply as for non- 
ferrous materials, the essential differences being 
found in the method of blank or slug preparation, 
lubrication, tool design and pressures. 

In general, the blanks are prepared from bar stock 
and may be cropped, sawn or parted off. The 
cropping method gives the greatest economy of 
material, but has one disadvantage in that the 
offcuts are usually slightly distorted and are subject 
to some localized work hardening. Thus the 
cropped blanks usually require a setting or 
sizing operation before extrusion. It might also 
be necessary for an annealing operation to be 
interposed, depending on the extent and amount of 
deformation in the sizing operation, or any pre- 
forming which might have been carried out simul- 
taneously. Annealing is often essential when 
blanks are required which are thin in relation to 
their diameter, that is to say when a piece of bar 
of a smaller diameter is cropped off and then 
flattened to the required diameter and thickness. 
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Sometimes blanks of this type can be produced 
automatically from bar stock in cold heading 
machines, although there are usually some limita- 
tions as to the maximum sizes obtainable in this 
way. 

However, it is true to say that the better and 
more accurate the blank, the better the final result. 
This is particularly true of cylindrical components 
where a high degree of concentricity of the bore 
with the outer wall is required. In almost all 
cases the blanks must be in a fully-annealed con- 
dition, and must be surface treated prior to extrusion 
to prevent metal-to-metal contact with the extrusion 
tools. The most commonly used surface treatment 
for steel is the application of a phosphate coating in 
combination with a lubricant, generally known as 
bonderizing or bonderlubing. 

The importance of surface treatment of any 
material to be subjected to extrusion cannot be 
overstressed. It can make all the difference 
between success or failure. Breakdown of the 
protective coating will cause seizure between the 
metal of the workpiece and that of the extrusion 
tools, the consequent resistance to metal flow 
pushing up the pressure to a very dangerous 
extent, probably leading to tool failure. 

The pressures required for steel extrusion are, 
of course, generally much higher than those for the 
non-ferrous group, and depend upon various 
factors, including lubrication, extrusion speed, and 
the degree of reduction or change in the cross- 
sectional area of the component. 

Extrusion speed is subject to speculation and 
there are conflicting opinions at the present time. 
Speeds suggested vary widely from 10 to 30 in. /sec. 
but, on the other hand a lot of successful extrusion 
work has been, and is still being, carried out at 
much lower extrusion speeds, particularly on heavy 
hydraulic presses. Higher speeds are probably 


Fig. 1 He-lan horizontal toggle-action extrusion press 
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Fig. 2 H.P.M. hydraulic extrusion press 
accumulator to give higher extrusion speeds 


fitted with 


more applicable to parts such as plain cylinders of 
constant wall thickness. 

Some claim that, for shallow or relatively thin 
parts, with changing cross-section and increasing 
area, very slow pressing is preferable because of the 
increased frictional resistance. The degree of 
reduction in area which can be obtained in one 
operation will depend largely on the characteristics 
of the material. Whereas with pure aluminium one 
can get reductions in the order of 99°, this is not 
practicable with steel even in the most favourable 
circumstances. The general concensus of expert 
opinion would indicate that for the best and con- 
sistent results the optimum lies somewhere between 
55°,, and 70°,. Greater reductions have been 
achieved in experiments, but do not appear to have 
been maintained under production conditions, as 
in such cases the specific pressure builds up enor- 
mously, causing premature failure or excessive 
wear on the tools. 

Tooling is a vital factor with steel extrusion, 
and it is in this aspect of the process that tool 
design ‘know-how’ is important. Some parts 
may require several operations and the tool designer 
has to decide as to what can best be achieved at 
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each stage. He has to take into consideration the 
metal flow and tool loading, coupled with the 
choice and treatment of tool steel, not forgetting the 
question of ejection of the extruded parts. It is 
also essential that the tool designer should work in 
close collaboration with the designer of the com- 
ponents, as it is sometimes possible to effect slight 
modifications to the shape which, whilst in no way 
influencing the function of the component, can 
materially help in simplifying the extrusion opera- 
tion. However, it is only by practical experience 
that this ‘ know-how ’ can be obtained. 


Press Design 

With regard to the actual presses for the cold 
extrusion of steel, one can say in general terms 
that almost any press will produce parts of a kind 
within its capacity. However, the design of the 
press is of greater significance than is generally 
realized. The prime essentials are rigidity, power, 
and some degree of speed control. Lateral rigidity 
is of equal importance to rigidity in the vertical 
plane. For example, with mechanical presses of 
the conventional over-crank type, good ram guides 
—which are essential—can be useless if the side 
frames flex under lateral thrust loads from the 
pitman or connecting head when the metal slug is 
impacted at a point well up from the bottom of the 
stroke. 

Presses originally designed for drawing, stamping 
and forming operations do not generally measure 
up to the requirements for cold-flow pressing 
because they usually lack the essential rigidity and 
stiffness in the bed ram and side members, and also 
are frequently under-powered. This is reflected in 
the indifferent results obtained, pertaining par- 
ticularly to inaccuracy of product, poor tool life, or 
low output rates. 

Presses more specifically designed for this class 
of work are now becoming available, one example 
being the May under-drive press. On this machine 
the ram is actuated by twin connecting rods from 
eccentrics which are integral with the main gears. 
The point of connection with the ram is relatively 
low down, thereby reducing the tilting moment 
and lateral thrust on the guides. These presses 
can be equipped to have three different lengths of 
stroke and, as an example, the 300-ton machine 
can be equipped for strokes of 8 in., 10 in. and 
124 in. This, together with pole changing or 


variable-speed drive, can provide a wide range of 


extrusion speeds. The machine can operate at 20 
to 30 strokes/min. and, if necessary, automatic 
feeds can be fitted to utilize these speeds to the 
full. A patented feature is a hydro-pneumatic 
shock absorber built into the ram which, it is 
claimed, permits higher extrusion speeds and is 
conducive to better tool life. Ejector gear, an 
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essential item on any extrusion press, is also 
provided. 

Another new class of machine now operating in 
the field is the horizontal multi-stage or transfer 
type of machine which, whilst largely intended 
originally for bolts and similar parts, is now finding 
application for a certain amount of extrusion work, 
or a combination of extrusion and upsetting work. 
These machines work direct from bar or wire stock, 
but to date are limited to relatively small parts. 

With ferrous materials, applications in this 
country of a large-scale character appear to be 
limited to ordnance, to the manufacture of bolts of 
various kinds and to certain accessories in the 
automotive and cycle industries. The advantages 
of the process are material economy, greater 
strength of product because of better grain flow, 
reduction in the amount of pressing and machining 
work, leading to higher production and, generally 
speaking, better finish. 


Future Trends 

With regard to the scope for the future, one can 
expect in the non-ferrous group to see a wide 
range of copper and copper alloy parts such as pipe 
fittings, oxy-acetylene burner jet nozzles and other 
parts of various high-strength alloy steels, pure 
aluminium parts for such things as small pistons, 
bushes and a wide range of other industrial 
components. 

In the ferrous group we shall see a wide range of 
parts for the motor car and cycle industries in 
particular. These will include a variety of special 
union nuts and bushings for fuel injection units, 
pistons, gears, shock absorber parts, power cylinders 
of various kinds, ball race and cycle head fittings, 
gudgeon pins and chain rollers, commutator 
bushings, shafts, etc. 


Blast Furnaces for Zinc 


MPERIAL SMELTING CORPORATION is pre- 

paring plans for the installation at Swansea of its new 
blast-furnace process for the smelting of zinc or zinc 
associated with other metals. Unless general conditions 
show serious deterioration over the next few months, 
work on the site will begin at an early date, with a view 
to completion by the end of 1960. 

The company’s Avonmouth and Swansea Vale works 
are now the only producers of zinc and sulphuric acid in 
the country 

Ihe Vale works, dating from 1876, was built and long 
operated by a local company. It is the only survivor of 
some four or five in the area, the remainder of which 
closed during the 1920s. It was in this period that the 
National Smelting Co. acquired it. 

The company is to proceed at the same time with the 
plant of its process for the treatment of ferrous sulphate 

The result of the whole scheme will be a transformation 
in which hardly anything of the old process will remain 
The new blast furnace scheme, which will increase 
present output considerably, will also carry further the 
improvement of atmospheric conditions in the works area 
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View of the first two smelter bays at Bate Comeau 


Production of Aluminium Ingots in Canada 


New Smelter begins Operation 


HE new aluminium smelter of the Canadian 

British Aluminium Co. at Baie Comeau in the 
Province of Quebec on the north shore of the St. 
Lawrence River, 400 miles north-east of Montreal, 
has recently begun production. One of Britain’s 
most important investments in Canada in recent 
years, the company is a subsidiary of the British 
Aluminium Co. Ltd. and has been formed in part- 
nership with one of Canada’s largest pulp and paper 
companies, the Quebec North Shore Paper Co. 


This event marked the completion of the first of 


four production stages of the £50-mullion plant 


which will eventually have an annual capacity of 


160,000 long tons of virgin aluminium ingot. As an 
indication of the size of the ‘smelter, this ultimate 
capacity represents two-thirds of the present annual 
consumption of virgin aluminium ingot in the U.K. 

The short time required to bring the first stage 
into production makes the Baie Comeau smelter 
one of the fastest-built major projects on record. 
Work began on clearing and building access roads 
to the site in the severe Canadian winter conditions 
in 1956. A wharf capable of berthing three 10,000- 
ton ships has been built, with a belt conveyor system 
3,000-ft. long to carry raw materials, such as 
petroleum coke and alumina, from the dockside to 
the smelter. At the same time, housing develop- 
ment has been undertaken, and a staff house, three 


blocks of apartments and over 200 houses have been 
built for the company staff. The staff living in the 
new township, which will ultimately include a 
church, a school, parks and a shopping centre, 
includes technicians from the British Aluminium 
Co. Ltd., mostly from the Highland Reduction 
Works in Scotland where aluminium was first 
produced on a commercial scale in the U.K.., little 
more than 60 years ago. 

The first stage of the smelter, with a capacity of 
40,000 long tons a year, like the other three stages 
still to come, has two furnace bays each a third 
of a mile long. 

Work on the second stage of the smelter is 
already well advanced and will be completed by the 
early spring of 1959, when the company will have 
a production capacity of 80,000 tons a year of virgin 
aluminium. Later, it is expected to go ahead with 
the two final stages. 


Plant Layout and Handling 

The two furnace rooms for Stage I of C.B.A.’s 
new smelter are more than 1,700-ft. long with 
a rectifier house at one end and a casting shop at 
the other. In addition, the plant comprises a 
carbon factory, laboratory, service building, work- 
shops and offices, together with aJumina and coke 
silos. Each furnace room has 84 furnaces of the 
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A New Refractory Material 


An Example of Scientific Research 


PROF. LOUIS LONGCHAMBON 


The author describes the developments made quite recently in refractory cements, 
which were discovered more than one hundred years ago by Sainte-Claire Deville, 
a discovery which shows the possibilities of scientific research in a field which 1s 
generally left to empirical methods. This article, of which the first part appeared 
last month and the concluding part in this issue, ts a slightly shortened version of 
a paper read at ‘Journée des Réfractaires’ held in Liége last year. The author 
is professor at the Faculté des Sciences de Nancy, and director of the Laboratoire 


des Réfractaires 


Concluded from last month 


SETTING and Hardening.—Hydration of calcium 
aluminates takes place with release of alumina and 
not of lime, as is the case with ordinary cements. 
Starting with mono-calcic aluminate and with two 
or three other aluminates, which we hesitate to 
recognize as constituents of hyper-aluminous 
cements, the hydration, from which hardening 
arises, is presumably due to the formation of 
a bicalcic aluminate with seven water molecules, 
according to Lafuma. Setting is normal, as it 
begins in the fourth hour of hydration. As for 
hardening, this is quick, as can be seen from the 
diagram in Fig. 2. This property, which is 
valuable in ordinary working, is no less so with 
refractory concretes, which can be used 24 hours 
after making. However, the speed of hardening is 
accompanied by a fairly intense release of heat, 
and this makes it necessary to sprinkle the concrete 
to prevent drying out. 

Dehydration.—Fig. 3 shows how dehydration of 
aluminous cement appears when studied with the 
heat-balance. But the interesting fact technically 
is that this removal of water takes place without 
causing dislocation in the concretes, contrary to 
what happens with Portland cement. 

Figs. 4 and 5 show the small changes in volume 
shown in refractory cements when they are heated 
for the first time. Swelling of the aggregates is 
compensated by contraction of the binder to such 
a degree that a cast concrete, for instance, shows 
less than two thousandths’ expansion between 0 
and 1,000°C. This property, joined to a certain 
porosity caused by the disappearance of water, 
probably explains the remarkable indifference of 
refractory concretes to heating shocks. In practice, 


furnace doors lined with cast concrete and chamotte 
can be put in position with the furnace working, 
without any precaution and, particularly, without 
any preliminary drying. 

This unaffectedness to sudden heating is one of 
the primary advantages of refractory concretes. 
Only the huge monolithic constructions calling for 
tons of concrete require to be heated up progres- 
sively but still with much less trouble than is 
required for a construction in ordinary masonry. 

Refractoriness of Concretes.—Figs. 6, 7, 8 and 9 
are standard diagrams which show the deflection 
caused under a load of 2 kg./sq.cm. when the 
temperature is raised according to a given law. 
The vertical asymptote of these diagrams corre- 
sponds to the limit of practical utilization of the 
refractory material under test. 

If we except the refractoriness of concretes in 
white corundum and Secar 250, which exceeds 
that of all industrial refractories, it must be recog- 
nized that the refractoriness of the concretes I have 
just mentioned is nothing extraordinary. In 
particular, concretes of cast cement and chamotte 
do not exceed 1,400°C., and those of Secar 250 
chamotte, 1,550°C., these temperatures, which were 
found in the laboratory, having been confirmed in 
very numerous industrial applications. But in 
spite of these non-exceptional properties, the 
behaviour of these concretes itself is quite excep- 
tional. Experience has shown the unforeseeable 
fact that a concrete made with crushed bricks 
shows itself to be very superior to these same 
bricks when new, although the properties of such 
a concrete are lower under laboratory tests than 
these same bricks. Very often when we have been 
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vertical stub Soderberg type, connected in series. 
The 3,000-ft. belt conveyor handles at present 
about 125 tons of coke and alumina per hour and its 
capacity is designed so that this may be raised to 400 
tons hourly. Substantial storage space is required 
owing to the period of closed navigation on the 
St. Lawrence, making it necessary to store materials 
for approximately a four-month period. The 
wharf, which has been in operation since its com- 
pletion last September, has three 550-ft. berths 
which are capable of taking vessels up to 10,000 
tons. The steel piles, which are 80 ft. long, are 
reputed to be amongst the largest ever rolled. 


Carbon Plant 

The aluminium production process requires 
about half a ton of carbon for every ton of metal 
produced. This is supplied at Baie Comeau from 
a carbon factory and the two main products are 
carbon paste for the anodes of the furnaces and 
carbon mixture for lining the furnaces. 

Treatment of the calcined coke from its with- 
drawal from storage in two 6,000-ton silos involves 
drying in a rotary oil-fired dryer and its separation 
into various size fractions from } in. to dust by 
screens, the finer sizes being made as required by 
reducing any excess coarse materials first in roll 
crushers and subsequently in an air-swept ball mill. 
Predetermined quantities of each size fraction of 
coke are then blended and fed to the continuous 
mixers with molten pitch. The pitch is melted and 
all subsequent lines of the mixers kept hot by 
circulating hot hydrotherm fluid. The mix emerges 
from the continuous mixers as paste in 2}-in. strips 
which are cut in briquettes. The briquettes are 
cooled and stored ready for feeding to the anodes 
of the reduction furnaces. 

The grist for the preparation of the furnace lining 
mixture is similar to that for anode grist but with 
calcined anthracite replacing the petroleum coke 
and the pitch for the binder being softened by 
creosote. Lining mixture is made in batch mixers. 

The plant is designed so that close control can be 
exercised over its operation, and operating labour 
be reduced to the minimum by the centralization 
of all controls. 


Power Requirements 

The power for Stage I (120,000 h.p.) and part of 
Stage II is to be drawn from the nearby Mani- 
couagan Power Co., which is owned 60°, by Quebec 
North Shore Paper Co. and 40°, by Canadian 
British Aluminium Co. Three new 50,000-h.p. 
generators have been installed, raising the total 
present capacity to 250,000 h.p. Quebec-Hydro, 
owned by the Province of Quebec, is building a large 
storage dam some miles up the Manicouagan River 
at Lake St. Anne, to provide a regulated water 
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supply throughout the year for this expansion. 
Agreements between Quebec-Hydro and C.B.A. 
have been completed for the remainder of C.B.A.’s 
power requirements. 

Power is transmitted from the Manicouagan 
Power Co. at 161,000 V. to C.B.A.’s outdoor switch- 
yard, where the electrical supply to the smelter is 
transformed via 161,000-V. air-blast switchgear and 
115-MVA. transformers, of English Electric Co. 
manufacture, down to 33,000 V. for the rectifying 
equipment for the furnace rooms and to 31,200 V. 
for the works distribution supply. The rectifying 
equipment for each furnace room comprises eight 
rectifier banks each consisting of 18 individual 
pumpless steel tank mercury arc rectifiers of 
British Thomson-Houston manufacture and delivers 
a total of 100,000 A. at 850 V. to furnace rooms. 


Safety in Steelworks 


“~IRST issue of ‘ Safety,’ a magazine of accident and 
health published by the British Iron and Steel Federa- 
tion, made its appearance last month. To be published 
three times a year, it is intended to keep people in the 
industry continually aware of the need for safe and 
efficient working. 

The 1957 accident frequency figures for the iron and 
steel industry suggest that one in 16 workers will have an 
accident in 1958. The improvement registered in recent 
years is being maintained—returns from 244 works for 
the third quarter of 1957 showed an average frequency 
rate of 2-60, representing a reduction of 8°, on the 
corresponding quarter of 1956. But the number of 
lost-time accidents still totals 17,000 a year. 

The new magazine is being published by the Accident 
Prevention Committee of the federation. It is intended 
to have a wide circulation in the industry to managers, 
foremen, safety officers, trade union officials, and members 
of joint safety committees in works. Twenty thousand 
copies of the first issue are being printed to allow for one 
for every 15 persons employed in the industry. 

The Accident Prevention Committee of the federation 
was established in 1954 and has undertaken a consider- 
able amount of work in collecting industry-wide statistics 
and conducting technical investigations, reports of which 
have been widely circulated in the industry. It has also 
encouraged accident research by the British Iron and 
Steel Research Association. 

At a conference arranged by the committee in 1956, 
a great number of suggestions were made by the managers 
and works safety officers who were present and some 70°, 
of these suggestions indicated that a widespread and 
regular interchange of information within the industry 
would prove to be one of the most effective means of 
reducing the rate of accidents. 


It is for this reason that the committee has produced 
this new magazine, which is intended to appeal to all 
levels in the industry and will not therefore overlap with 
existing publications designed for specialists in the 
subject. It will contain feature articles, reports and 
reviews, correspondence, and information on a wide 
variety of subjects connected with accident prevention 
and industrial health. Future issues will not be confined 
to examples from the U.K. iron and steel industry, but 
will include references to the work of other countries and 
other industries, as well as to safety hazards in the home 
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Fig. 6 Distortion under load of 2 kg. sq.cm., chamotte 
40-42", Al,O, 
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Fig. 7 Distortion under load of 2 kg. sq.cm., brown 
corundum 


In the above figures the bold line represents Secar 
250 mortar, and the dotted line cast mortar 


of K 0-7. It is of the order of that of silico- 
aluminous bricks, which varies from 0-4 to 1 
according to technique of manufacture. Corundum- 
Secar concretes are remarkable for a conductivity 
nearly twice as great, which enables them to release, 
for equal thickness, many more calories. Con- 
sequently, in extreme cases, they suffer much less 
from excess temperatures in the furnace. This 
fact is found with industrial furnaces running at 
very high temperatures. When the lining is so 
worn as to be only 5 to 6 cm. thick (2 to 23 in.), 
the lining is extremely durable provided that the 
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Fig. 8 Distortion under load of 2 kg./sq.cm., magnesia 
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Fig. 9 Distortion under load of 2 kg./sq.cm., white 
corundum 





outer sheet is cooled. Benefit-is thus gained from 
the extreme refractoriness and the great conduc- 
tivity of these concretes. 

Inversely, concretes can be made up with a very 
low coefficient of conductivity by using, as aggregate, 
materials which are both insulating and refractory, 
such as diatomite or vermiculite. A vermiculite 
concrete easily reaches a coefficient of 0-2, that is 
to say of the order of the best insulating refractory 
bricks. As we shall see later on, it is easy to obtain 
composite concretes by pouring into one mould 
two portions separated by a sheet, one of refractory 
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Fig. 2. Cold hardening of Secar 250 (dotted line 
concrete, bold line — mortar) 
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Fig. 3 Weight loss of pure Secar 250 


called to a furnace mishap causing a loss of excellent 
refractories we have restored the position by crush- 
ing these same refractories and building a mono- 
lithic block with a basis of cast cement or Secar 250, 
paradoxical indeed as this may seem. 

This indisputable state of affairs makes evident 
what I call the virtue of monolithism. This is 
explained after it has happened, in part at least, 
if we remember that brick structures often perish 
at the joints jn the bricks, The monolithic structure 
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Fig. 5 Changes in volume, Secar 250 corundum 


not having any joints offers a regular surface 
against corrosion. Moreover, the fact can also be 
invoked that local overheating disperses better in 
the mass of a monolith than in brick masonry. 

Cement Contents.—The curves given in Fig. 10 
have been drawn up in the following way: all the 
lines relate to concretes of Secar 250, but each 
curve corresponds to a particular aggregate. Also 
the deflection diagrams have been drawn for each 
aggregate with varying amounts of cement and on 
each of the diagrams the temperature of deflection 
has been taken as that for a deflection of 10°,,, this 
being regarded as the limit of use. 

The curves on Fig. 10 show variations in this 
limit of use as a function of the cement content. 
In practice these contents come between 300 and 
500 kg./cu.m. It will be seen that, within these 
limits, the cement content has little effect on 
chamotte concretes, but it has an appreciable 
influence on corundum concretes, in agreement 
with the alumina-limestone diagram. 

Heat Conductivity —The heat conductivity (Fig. 
11) of chamotte and Secar 250 concretes has a value 
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Granulometric Composition of Aggregates.— 
Crushed material should not be taken as it comes 
but should be graded by screening into different 
grain sizes which, in practice, are as follows :— 


Grains from Oto 1 mm. 
] 5 
5 10 
5 20 
10 30 


The largest grains for a given job must have 
a thickness of from one-fifth to one-tenth of the 
minimum thickness of the product. The size must 
not exceed 30 mm. (1} in.) dia., even if blocks of 
more than 500 mm. (20 in.) thickness are being cast, 
which is an exceptional case. 

The five examples in Table III correspond 
closely to all possible cases. In the first column 
are given the volumes in litres of each category of 




















grain to use 50 kg. (1 cwt.) of cement. In the 
TaBLe III Examples of grain sizes for articles of different 
thicknesses 
Thickness of Col. Col. 
articles Constituents 1 2 

Mortar or very 0 to 1 mm. grains 65 1. 7 vol. 

thin articles Cement 50 kg. 4 vol. 

From 0 to 1 mm. grains 451. | 9vol. 

20 to 50 mm. et. 55 1. 11 vol. 

Cement 50 kg. 7 vol. 

Oto 1mm. grains | 501. 10 vol. 

From ln > 60 1. 12 vol. 

50 to 100 mm. 5. 45 1. 9 vol. 

Cement 50 kg. 7 vol. 

Oto 1mm. grains 401. 8 vol. 

From re . %9 45 1. 9 vol. 

100 to 200 mm. 5 5 85 1. 17 vol. 

Cement 50 kg. 7 vol. 

Oto 1mm. grains | 401. 8 vol. 

Above 1 ,, 10 ss 75 1. 15 vol. 

200 mm. 10 ,, 30 85 1. 17 vol. 

Cement 50 kg. 7 vol. 





second column is given the volume, in arbitrary 
units, for each grain and for the cement. 


Applications 

The examples I am going to give can be grouped 
into two main classes, according to whether the 
parts to be made are of the shape which it is usual 
to make with the ordinary materials, or whether it 
is intended to make monolithic blocks which are 
the typical field of concrete. 

Shaped Articles.—These include laboratory equip- 
ment, such as crucibles of various sizes. The very 
small crucibles can be made by casting in metallic 
moulds, in which case setting is assured by immers- 
ing the moulds at the beginning of the fifth hour 
after the concrete has been put in. Another article 
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is an electric muffle furnace, cast in one piece with 
grooves cast in for the heating elements. This 
illustrates the fact that refractory concretes are 
exceptionally useful for science and works labora- 
tories. Indeed they are the only materials to make 
any shape required without delay in any kind of 
refractory. They also allow of modifications and 
repairs being made, which would not be possible 
with other kinds of products. 

In the making of very large castings, the method 
is a very simple one. One workman prepares the 
mix and another puts it into the mould, which is 
oiled before being used. A pneumatic lance is 
used to stir up the concrete mass to ensure uniform 
density. After preparation the mould is covered 
with sacks and is watered after four hours to avoid 
heating up. Blocks of 2 tons weight are made in 
this way. 

Burner Nozzles.—This is another good applica- 
tion, as the masonry of boilers, heated with mazout, 
wears away very quickly by contact with flames. 
Steps have had to be taken to allow of easy replace- 
ment of worn portions, and nozzles have been 
devised which fit into the walls and are easily 
interchangeable. Experience has proved that 
burner nozzles made of ‘ fondu-corundum’ or 
* Secar-corundum’ give much greater resistance 
than usual refractories and it can be said that 
burner nozzles are now really a speciality of refrac- 
tory cement. These nozzles range in size from 
the smallest to the largest and are made in one 
piece or in two. 

A wide variety of parts can be made with one 
section in dense refractory material and another in 
light insulating material. Vermicular cast concrete 
is used for insulation, whilst the refractory material 
can be of any composition desired. Monolithic 
structures can be made in this way. 

Brick Kilns —The making of brick-burning kilns, 
either with chambers, or of the tunnel type, is one 
of the outstanding successes of refractory cement. 
The Hoffman type of kiln, for instance, is made 
with monolithic concrete, the roof being in vibrated 
concrete. In some cases, concrete is used to replace 
the original brick roof, when repairs are necessary. 
In one instance quoted, part of the old brick roof 
over one of the doors was repaired in concrete 
without the kiln stopping work. 

Tunnel Furnaces.—Refractory concrete is used 
for the roof of mazout combustion chambers, as 
well as for slab supports for bricks or ceramic 
products in tunnel furnaces. 

Lime Kilns.—As is the case in blast furnaces, 
efforts are being made with lime kilns to put in 
refractory linings which are denser and increasingly 
rich in alumina. The result is not particularly 
good because, as soon as there is a heat flash on the 
lining, the refractories combine with the lime 
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concrete and the other of insulating concrete. 
Immediately after casting the sheet is withdrawn 
and the two parts set at the same time, thus forming 
one single block. 

Melting Point.—Table I shows the melting points 
of the most widely used concretes. 


Use of Road-making Materials 


When we speak of refractories we immediately 
think of refractory-clay bricks of silica or magnesia. 





It is forgotten that previously there was no 
TABLE I Melting points of common concre tes 
on 

Fondu Lafarge 1,310 
Fondu Lafarge chamotte 40-42 1,540 
Secar 250 ; oe 1,660 
Secar 250/chamotte 40-42. . 1,640 
Fondu Lafarge brown corundum 1,700 
Secar 250, chromite 2 1,760 
Secar 250 magnesia iis 1,770 
Secar 250/brown corundum .. 1,800 
Secar 250 white corundum 1,860 
Secar 250 SiC . 1,940 





specialized industry for refractory materials and 
that blocks for making furnaces were cut directly 
from rocks. Open-hearth furnace roofs as well as 
linings of lime kilns were cut from quartzite or 
from grit, without any special industrial treatment. 
I do not intend to deny the very great progress 
which the refractory industry has made since those 
days, but this industry has gone far beyond what is 
necessary when dealing with temperatures below 
1,200°C., these being the temperatures which 
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concern the greatest part of refractory constructions. 


It is quite unnecessary to consider special refrac- 
tory material for temperatures below 1,200°C. 
Cast concretes with aggregates made of stone 
materials for road making are perfectly satisfactory, 
provided these materials are neither calcareous nor 
gypseous. Trap rock in the eastern region, schists 
in the west and south-east, lavas and pozzolanas 
in the centre of France are excellent refractory 
materials, and also insulating in the case of the 
pozzolanas up to 1,100 to 1,200°C. From the point 
of view of the national economy, we thus avoid 
wasting those refractory clays of which the deposits 
are not unlimited, and of which the plastic proper- 
ties, irreplaceable in other uses, are of no use in 
the refractory field. 


Table II specifies the range of temperatures for 
which can be used the various natural or synthetic 
products used as aggregates for ‘ Fondu’ or Secar 
250 concretes. 


TABLE II Temperatures at 


in concretes 


which products may be used 





















































Tem- 
N pera- Fondu Lafarge Secar 250 
ture, C. 
' 
Qe, 800 | Red bricks, rock, slag, re- 
Lon, fractory scrap 
600 “= 
SA, e ° 
1,150 Basalt, trapp, schists, silico- 
W aluminous, quartzite 
! i ~ 
1,200 Baked brick 25-30 (chamotte 
HAMOTTE i " 
e 1,350 Chamotte 40-42 Chamotte 40-42 
1,400 Mullite, sillimanite 
1,500 | Magnesia, chromite Magnesia, 
‘ chromite 
1SOKge’ = 300 500 800 SCARE 1,600 = Corundum Sillimanite, 
. 7 carborundum 
Fig. 10 Effect of cement content on limits of use. 
Temperatures are for a 10°., deflection under load 1,800 Silica, 
corundum 


of 2 kg./sq.cm. 
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Locomotive Arches.—The engineers of S.N.C.F. 
have solved the problem of loco-furnace arches by 
definitely substituting monolithic arches to replace 
brick arches, which were of the traditional type 
made of silico-aluminous bricks. In the 150 P 
type of locomotive their life was 17,000 km., but 
with the same arches remade in cast concrete, with 
the same worn bricks crushed down as aggregate, 
the life exceeded 70,000 km. It is calculated that 
the cost of these arches in concrete spread over 
total life is not more than one-third of the former 
types. Moreover, brick arches sometimes collapsed 
owing to sudden changes in draught, whereas no 
such accident has yet occurred with concrete. 

Furnaces for Roasting Pyrites—This type of 
furnace seems to be a definite victory for refractory 
cement. In a furnace 10 m. high (325 ft.) and 6 m. 
(19 ft. 6 in.) dia., the nine floors were made of 
eight monolithic segments cast one alongside the 
next, with a 5-mm. (}-in.) joint on the periphery 
narrowing to 0 at the centre. 


Conclusions 

The advantages of refractory cements are 
advantages in supplying and putting to work, and 
technical advantages in use. 

In the usual method of manufacture of a furnace 
it is necessary to design the furnace well in advance 
and divide it up into elements which will be stan- 
dard bricks or shaped pieces. The smallest job 
calls for 50 to 100 different shapes and for each of 
them a special mould must be made. Consequently, 
not only will these special shapes cost a great deal 
but they will also take a very long time to produce. 

In the matter of delivery, the supply of refractory 
cements presents the greatest simplicity. Aggregates 
are supplied in bulk to the size required, and no 
difficulty is to be expected in the supply of the 
cement. It is certain that no part of whatever 
shape will be lacking and there is no need even to 
consider such a possibility. 


Refractory Materials of the Future 

The preceding account has been given as an 
illustration of scientific research. The discovery of 
a savant, long since forgotten, brought to perfection 
by 20 years of patient work by a band of tech- 
nicians, has given the heating industry an entirely 
new method of building furnaces and covering 
a wide range of materials. Whether it is a matter 
of cost price, of speed of construction, of simpli- 
fication of supplies, or of life in service, this new 
technique replaces and surpasses the traditional 
method of construction in more than 80°, of cases. 

I should like to insist on the idea that progress 
in refractory matters cannot come from the refrac- 
tory industry itself but must come from research 
carried out by the users or by the research organi- 
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zations in immediate contact with technical 
requirements. 

If, during the last 30 years, I have been able to 
bring about some improvements in refractory 
materials and to make some advantageous sub- 
stitutions, it has only been possible to do this by 
studying on the spot the conditions in which a 
given material suffers attack by heat, gases, dust, 
magmas, and thermal or mechanical shocks. The 
transfer of these conditions to the laboratory is the 
second phase in this investigation and, incidentally, 
the more difficult, since it is impossible in fact to 
reproduce them exactly. We are therefore com- 
pelled to study each factor of disintegration by 
itself and make a synthesis of them, bearing in 
mind the seriousness of each one. It frequently 
happens that the best solution, or the least bad 
one, is found in a compromise, in which all the 
physical and chemical properties of the material 
are not used to their maximum. To take a very 
simple example, porosity, harmful to chemical 
resistance, is helpful in resisting heat shocks to 
such a degree that an average porosity will some- 
times be preferable to a very dense product, 
although this is generally being sought for. 

The transfer of the problem to the laboratory 
only gives a qualitative information on the direction 
in which the characteristics of the product should 
be evolved. This orientation must be controlled by 
an immediate return to actual practice and it is by 
alternating between laboratory and reality over a 
long period that progress is made in this very 
thankless field. 

Glassmakers are the only ones in the heating 
industry who have realized that they could not 
leave to others the task of improving refractories in 
contact with glass, and of which the quality is one 
of the essential conditions for getting a good product. 

Such is the example given by an industry for 
which refractory material was vital. It should be 
followed by other heating industries which have 
suffered, up to now, from the limitations imposed 
by the nature of the refractory materials available, 
and which must set themselves free from them 
before progress can be made. But we must not 
hide from ourselves that this matter must be taken 
up from the starting point of fundamental science. 
Empiricism has given all that could be expected of 
it; knowledge, as applied to natural minerals, has 
also nearly reached its limit. To do something 
new, to make a worth-while step forward, either in 
materials or in techniques, we must, by all the 
evidence, advance into the unknown. It is essential 
that mineralogical chemistry, aided by the newborn 
nuclear science, should make as much progress as 
did organic chemistry during the last half-century. 
The thing is possible; it is sufficient that we wish 
to do it and to pay the price for it. 
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producing a very meltable calcic glass. The lining 
is pierced and the bricks above this hole come 
down gradually with the burden, thus leading to 
the loss of the lining. Construction of a lime kiln 
in concrete with monolithic courses makes it 
certain that, even if there is piercing of the lining, 
this destruction will not lead to the loss of the 
whole lining. It can always be repaired by applying 
concrete after simply chipping out the affected 
portion. 

Tests carried out in the refractories laboratory of 
the University of Nancy allow us to think that 
corundum or magnesia concretes would fully 
replace chamotte concretes for lime-kiln combus- 
tion zones, but these tests have not been confirmed 
on the industrial scale. Several monolithic linings 
in cast cement and chamottes have been success- 
fully installed in fatty-lime kilns to the complete 
satisfaction of the industrialists who took the 
initiative in this matter. 

Metallurgy.—The metallurgical industry makes 
use of two kinds of refractories—those which are in 
contact with hot gases only, and those which are in 
contact with molten slags or with molten metal. 

In the first case, all that is required from the 
refractories is refractory qualities, and concrete is 
suitable in all cases by adapting composition to 
working temperature. In the second case, things 
are quite different. Henri Sainte-Claire Deville 
insisted on the fact that calcium-aluminate is not 
attacked by aluminium nor by alumina. Similarly 
for zinc and lead. A modern instance, 100 years 
afterwards, of the Sainte-Claire Deville furnace, is 
an induction furnace in Secar-corundum for 
melting aluminium. 

The iron and steel industry has not yet under- 
taken systematic tests. Those which are in hand 
at my laboratory have dealt up to the present with 
linings for high-frequency induction furnaces for 
steel melting, either basic, acid or neutral, all of 
which have given full satisfaction. It would in 
any case be useless to claim that concretes, in spite 
of the variety of them which can be made, have 
a universal polyvalency. There is no doubt, how- 
ever, that certain materials, such as magnesia or 
silica bricks, which have been developed by the 
refractory industry to a state of perfection only 
limited by the natural origin of the raw materials, 
retain their superiority in the special fields for 
which they have been created. 

Electric Furnace Doors.—Doors of furnaces for 
making stainless alloy steels have been produced in 
Secar/corundum, with full success both as regards 
length of life and cost price. 

Semi-permeable Linings.—If the fines of corundum 
are left out of Secar/corundum concrete, for 
instance, a product is obtained which is permeable 
to gas. A lining so produced allows of gas being 
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injected, oxygen for example, or air, through a 
mass of molten steel. It can be seen what can be 
the applications to which such semi-permeable 
materials can be put in converters and for the new 
techniques of oxygen refining. 

Stamping Furnaces.—Burner nozzles for mazout 
fuel are being made in Secar/corundum for stamp- 
ing furnaces, that is furnaces for reheating round 
steel bars for stamping into bolts or rivets. This 
concrete has particularly good resistance both to 
high temperature and to sudden variations of 
temperature on lighting and damping down. 

Annealing Furnaces.—Monolithic plates in con- 
crete are used for combined conveyor doors of 
furnaces for annealing malleable cast-iron pieces 
placed in piled-up stills for annealing at 950°C. 
Fire-bridge pack walls are being made partly from 
fondu/corundum; the burner flames attack these 
pack walls direct at the foot of the cylinders. The 
excellent conductivity of the fondu-corundum mix 
has enabled 24 hours to be gained on the seven 
days which this operation took when the walls 
were made of brick. 

Salt Quenching-furnaces.—Concrete of cast 
chamotte, cast corundum, or Secar corundum, if all 
traces of iron have to be removed, are perfectly 
satisfactory for these furnaces. 

Soaking Pits.—Refractory concrete is the material 
to choose for all furnaces for annealing, reheating or 
slow cooling. With a suitable choice of aggregate 
and size of same, the furnace walls are given the 
desired conductivity. A battery of soaking pits can 
be made in one unit, and these give a long life. 

Coke Furnaces.—The use of concrete for lining 
coke-oven doors is now standard practice. Relining 
can be done in the vertical position by using a sheet 
metal mould. After two years’ service such con- 
crete linings are in very good condition. Also, 
monolithic linings are used for metal chimneys 
through which gases are discharged during loading 
and unloading of the ovens. These linings are 
subjected to great changes of temperature, but, 
after five years’ service, they have been found to 
be intact. 

Recuperators.—Refractory concrete is perfectly 
suitable for making recuperators. They can be 
given a conductivity and a density very much higher 
than those of ordinary materials, and this assures 
a considerable greater heat exchange value per 
cubic metre of the recuperator. 

For demonstration purposes I built, in 1938, at 
the refractory laboratory of the University of 
Nancy, a monolithic recuperator of a total weight 
of 13 tons. This had two alternating recuperator 
chambers heated by a coal hearth. This test of 
huge monolithic masses, 13 tons, presenting very 
complex architectural problems, has not been 
followed as yet by such daring industrial applications. 
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the recrystallization of alpha-iron has been studied. 
With small reduction in rolling, large grains 
appeared below the surface. With greater reduction, 
the reverse was observed in that the large grains 
were at the centre of the sheet. At still higher 
reductions the recrystallized structure became 
uniform. Temper-rolling and uni-tempering pro- 
cesses were also studied by this method. 
temperature range, from the beginning of recrystal- 
lization at the edge of the sheet to the end of 
recrystallization in other parts of the sheet, was 
assumed to be a measure of the variation of cold- 
work through the section. This range of tempera- 
ture was 50 F. and 140°F. for samples elongated 
7°,, by the uni-temper and temper-rolling process, 
respectively. It has also been shown that in drawn 
brass wire and rolled brass sheet recrystallization 
commences preferentially in two zones: first, at 
the surface of the wire or sheet as a result of 
additional deformation due to frictional forces and, 
secondly, in a zone intermediate between the 
surface and the centre. In rolling, the surface effect 
persisted to some extent up to 50°,, reduction. 
Above this value the sheet was uniform throughout 
its thickness. 


Mechanical Properties 

Tensile strength has been used to study inhomo- 
geneous deformation in hard-drawn copper wire, 
the method consisting of removing the outer layers 
of metal by solution in acid. Wires were etched for 
different lengths of time and the tensile strength 
determined. From these values, the strength of the 
portions successively removed was computed by 
a simple process of subtraction. It was shown that 
annealed copper wire given a small reduction had 
a surface layer of high tensile strength and a further 
zone of high strength between the surface and 
centre. With greater reductions the region of high 
strength was found midway between the surface 
and the centre of the wire. It has been shown that 
in drawn bars the coefficient of anistropy measured 
on tensile specimens varies in a continuous manner 
from one surface of the plate to the other, and that 
the tensile strength of brass wire is raised by an 
increase in the angle of the drawing die, the greater 
strength being due to increased inhomogeneity in 
specimens drawn through the high-angle die. For 
the same percentage reduction the surface hardness 
of drawn copper specimens was much higher than 
the centre, while the reverse was true for rolled 
specimens. 


X-ray Methods 

Many authors have observed that X-ray patterns 
are different at the surface and at the centre of 
specimens given standard cold-work treatments. 
Diffraction patterns of copper wire obtained after 
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etching off increasing amounts of material show 
a change from random orientation on the outer 
surface to oriented condition as the centre of the 
wire was approached. It has also been observed 
that the nature and extent of preferred orientation 
varies from surface to centre of a drawn wire and 
somewhat similar conditions exist in cold rolled 
products. Under a moderate degree of cold 
deformation, different degrees of disturbance of the 
crystal structure were found to obtain at different 
depths in test rod. A larger amount of cold 
deformation brought about homogeneity of the 
heterogeneous crystal air structure. 

In general, body-centred cubic metals such as 
iron have a simple texture at their centre after 
deformation by rolling, swaging or drawing. The 
outer layers, however, with almost any type of 
deformation, contain orientations not found in the 
centre. Mild-steel sheet reduced 85%, by cold- 
rolling was found to have at the surface a differently 
orientated texture from that of the interior. The 
origin of this difference might come from frictional 
and geometrical effects, states the author. Con- 
sequently, surface textures are probably affected by 
factors such as ratio of roll diameter to sheet thick- 
ness, reduction per pass and so on. However, 
preferred orientations are not produced for small 
amounts of deformation. As yet, little work has 
been done to determine any differences in X-ray 
patterns of the surface and centre structure of 
lightly deformed metals such as temper-rolled steel. 


Tensile Deformation 

Straining in tension was for a long time thought 
to produce a homogeneous deformation. This is 
not always true, since it has been shown that a 
strong surface effect was operative in coarse-grained 
polycrystalline lead, leading to a ‘size effect.’ 
Previous evidence of this was disclosed in studies 
of the surface-layer-tested solid round bars and 
thin tubes of the same material made by drilling 
the inside of the former. The tubes were 1) in. i.d. 
and 0-006 and 0-015 in. wall thickness. The yield 
stress attained by the thinnest tube was little more 
than half that of a solid specimen and the character 
of the yield was entirely different corresponding 
more closely to that which would be expected from 
iron single crystals. Subsequent microscopic 
examination revealed that the crystal size and wall 
thickness were of the same order of magnitude. 

When the grain size is small compared with the 
smallest dimension of the specimen, another pheno- 
menon is also operative, X-ray evidence showing 
that, for tensile loading, the stress in the surface 
layer is less than in the interior of the crystal. The 
same observation was made on tensile, compression 
and bend test specimens of steel and aluminium. 
The most likely explanation was that the layers 
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Study of Metal-working Processes 


Inhomogeneous Deformation of Material 


COMPREHENSIVE survey of available 
methods of studying inhomogeneous defor- 
mation in metals covering many years has been 
compiled by H. P. Tardif, physical metallurgist, 
Canadian Armament Research and Development 
Establishment. The author covers various aspects 
of the subject including marker methods to deter- 
mine inhomogeneous forging structures, effects of 
recrystallization, influence of mechanical properties, 
X-ray methods, tensile deformation and micro- 
structural studies. The following extracts are 
mainly confined to work carried out during the 
post-war period. 
When all particles in a forged sample are strained 
by the same amount and follow similar paths, the 
piece is said to be homogeneous. These conditions 
obtain on a macroscopic scale in tensile deformation, 
at least up to the necking point. However, in metal- 
working processes, due to certain shearing and 
forging effects and to friction between the fact of 
the working tool and the metal being worked, the 
conditions for homogeneous deformation are not 
present and the deformation is inhomogeneous. 
A large amount of work has been done to reveal the 
presence of this condition. 


Marker Methods for Forging Structures 

Marker methods of studying forging structures 
include all systems which enable the path of particles 
at various points in the specimens to be followed. 
They include the use of reference grids at the surface 
of a specimen or at the interface of composite 
specimens, the use of markers as plugs, composite 
billets of dissimilar material and combinations of 
these methods. 

Reference networks for determining ferro forma- 
tion are in the form of rectangular or polar grids, 
ruled or scribed or transferred on the specimen by 
various photographic or similar means. The defor- 
mation of the grid is noted after deformation of the 
specimen. Another method of flow determination 
is that in which holes are drilled in the metal and 
plugs of the same diameter inserted. It was found 
that during rolling the vertical plugs become curved 
in the direction opposite to that of the movement of 
the bar, this indicating a movement of the material 
in the inner zone of the bar in a backward direction 
relative to the surface. Screws can be used to show 
the degree of compression at various heights by the 
changes in their pitch. Compressive strain has also 


been determined by inserting small plugs at close 
intervals in a block of steel. Circular plugs inserted 
horizontally, at right-angles to the direction of 
rolling, are deformed into an elliptical shape, the 
major axis lying in the direction of rolling. Experi- 
ments made on brass, nickel and on oxidized and 
non-oxidized copper billets have shown that the 
principal factor determining the type of flow is 
the degree to which the skin of the billet remains 
in place against the container wall. In some 
experiments radioactive plugs have been placed in 
holes and after deformation the pattern of flow 
detected by Geiger counter techniques. The 
method of inserting plugs can be criticized on the 
grounds that, even if the material of the plug is 
identical to that of the bar, it is not part of the bar 
and may not therefore deform in the same fashion 
as the original material might have done. 

Observations in hot rolling show that, with the 
same total reduction, repeated passes seem to cause 
a greater advance of the outer zone of a sheet than 
a single pass. Thus the shape of the front of 
mild-steel strip during cold rolling has been found 
to be dependent on the draft, it being concave for 
very light cold reductions and convex for heavy cold 
reductions. The same method has been applied to 
the rolling of bars and to wire drawing. The dis- 
tribution of strains within a bar were determined 
by radiography after 20°,, rolling reduction, a lead 
grid having been embedded in a cast tin bar. 
Lateral strain changed from tension at the centre 
of the bar to compression midway between the 
centre and the outside in a section perpendicular 
to the roll axis. This and similar methods are said 
to have all the advantages of the previous methods 
without the disadvantage of the lack of adhesion 
between the different parts of the sample. 


Recrystallization and Deformation 

It is well known that increased cold work de- 
presses the recrystallization temperature. Therefore 
it was postulated that, if the deformation was not 
uniform throughout the specimen, then, on anneal- 
ing, the portions more heavily worked would 
recrystallize at a lower temperature than the rest 
of the specimen. Using this method, investigators 
have observed that alpha-iron recrystallized more 
easily when deformed in compression than when 
deformed in tension. The effect of type of defor- 
mation, such as torsion, elongation and rolling, on 
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nearest the free surface of the specimen start to 
yield under a lower stress than those at the interior 
of the crystal because the former are not constrained 
by being completely surrounded by other grains. 
This stress can be as low as one-half or one-third 
that for uniform yielding. The depth of this 
surface effect would be 0-04 in. for small strains. 
A macroscopically stressed surface layer 0-01 in. 
deep on Armco iron and steel in tension had been 
observed, being ascribed to the fact that the yield 
strength of grains with a free surface is lower than 
that of grains in the interior of the aggregate. 

The author comments that, although this effect 
is of no importance on the overall strength of large 
specimens, it is present and may cause trouble in 
certain cases such as growing single crystals. Many 
investigators have found that, when using the 
strain-anneal method for this purpose, the crystals 
produced were often covered by a thin layer of fine 
crystals. Since the amount of strain required to 
induce grain growth to such an extent as to produce 
a single crystal is critical, it is thought that the 
lower internal energy of the surface layer will fail 
to induce rapid crystal growth. An increase of 


50°F. in the annealing temperature near the end of 
the treatment ordinarily will prevent the formation 
of this layer of fine crystals, this being in accordance 
with the observed fact that the lower the strain 
the higher the annealing temperature must be to 


obtain large crystals. 


Microstructural Studies 

Discussing micro-inhomogeneities, the author 
recalls that, from the plasticity point of view, metals 
were considered to be isotropic in such studies. 
Actually, this isotropic medium is made up of 
anisotropic crystals and is isotropic by compensation 
only. The manner of grain deformation and the 
extent of influence of grain boundaries is a much 
more complex problem of great importance. 
Regarding pure metals and single-phase alloys, the 
mode of deformation of individual grains in poly- 
crystalline aggregate was studied very clearly, it 
being observed over 40 years ago that, during 
tensile deformation of coarse-grained aluminium, 
the deformation at the boundary was much less 
than in the centre of the crystals. This effect was 
noticeable at a distance of 0-25 in. from the boun- 
dary than at the centre of a crystal and it was 
concluded that the extent of deformation was 
correspondingly smaller near the boundary. It has 
since been pointed out that this conclusion does 
not seem to be justified, since deformation due to 
the multiple slip gives rise to a smaller change in 
orientation than the same deformation due to single 
slip. In general, it has been found that elongation 
at the boundary was smaller than that of the 
adjacent crystals. The interaction between crystals 
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must be dependent on their respective orientations. 

In an investigation into the geometry of plastic 
deformation in the interior of a polycrystalline 
aggregate by means of a grain-counting and measur- 
ing technique, longitudinal and transverse counts 
were made before and after deformation. From 
the length and width of the grains the average 


" strain suffered by them could be determined. In 


certain cases, the average strain was less than 
the overall aggregate strain and the difference was 
attributed to relative grain movements. The effect 
of rate and temperature of deformation on relative 
grain translations could therefore be determined. 
Thus with slow deformation at 350°C., surface 
grains of an aggregate deformed 50°,, by elongation 
exhibit a 40°,, strain, while interior grains exhibit 
only 6°,. The elongation and microhardness 
within the grains of a deformed polycrystalline 
aggregate of aluminium were found to vary con- 
siderably, being influenced by the deformation or 
orientation of neighbouring grains. The percentage 
elongation within grains varied from 2-7 to 13-7°, 
compared with the 5°, original deformation. The 
same wide variation in elongation was found when 
employing a fine grid photographically reproduced 
on a large grain specimen of aluminium. The 
elongation was generally restricted in the vicinity 
of grain boundaries and the form of the restriction 
appeared to depend on the orientation relationship 
between neighbouring grains. 

X-ray methods have shown that lattice distortion 
and fragmentation occur to a greater extent at the 
boundary than at the centre of a crystal. Even in 
stretching single crystals of aluminium, asterism 
appeared in X-ray photographs after 4°,, deforma- 
tion, this showing ‘hat plastic deformation of 
crystals by slip is not merely a simple geometrical 
translation of parts of the crystal along the slip 
plane, but involves local changes of orientation and 
possibly fragmentation. With cadmium single 
crystals a larger extension was obtained without 
asterism, but the slightest bending of the specimen 
produced this condition. Evidence supports the 
view that, when deformation takes place by pure 
gliding on the slip plan, no asterism is present, but 
that inhomogeneities such as deformation bands 
and kinking will generally show asterism. These 
inhomogeneities arise as a result of the nature of 
the dislocation. Reference is made to further work 
confirming the inhomogeneity of deformation of 
grains in an aggregate. Naturally, at high or low 
extremes of temperature and rates of straining, this 
problem becomes more complex because of pheno- 
mena such as cell formation, recrystallization, ageing 
and precipitation. It has been shown that during 
deformation large changes occur in certain inter- 
atomic distances in the cementite and that part of 
the particles dissolve to relieve the stresses. Attempts 
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are being made to explain these phenomena on the 
basis of dislocation theory. 

In two-phase alloys the effect of embedded 
particles on the flow of metals during deformation 
is of great importance. The particles may be 


harder or softer than the matrix and consequently 
additional plastic flow must take place in the 
vicinity of the second-phase particles. 


Conclusions 


In the course of his conclusions the author states 
that work on the subject of plasticity of metals is 
progressing in two main directions. In the first 
case, the mathematical approach is used to deter- 
mine the geometry of the flow of metal in relation 
to the stress system. The solution is obtained by 
means of a slip-line field determined by a process of 
trial and error. Many simplifying assumptions are 
made, such as perfectly plastic material deformed 
under conditions of plane strain. Moreover, these 
theories do not take into account the atomic ‘ tex- 
ture’ of the ‘ plastic medium.’ An idea of the 
shape of the slip-line field may be obtained by 
means of the simulative distortion of scribed net- 
works of lines on sectioned specimens. This and 
similar techniques can be of great help to workers 
in this field. 


The second approach is that of the metal 
physicists who ultimately wish to predict the plastic 
properties of metals on the basis of their atomic 
structure. The yield criterion has first to be solved 
for the different space lattices, and later other 
effects such as strain-hardening, grain boundary 
interaction and other factors will be taken into 
account. A large amount of work is being done 
along these lines but full understanding of defor- 
mation on the atomic scale has yet to be achieved. 

A difficult problem is the correlation of results 
produced by these two different approaches to the 
subject. During rolling, for example, the relative 
movement of the elements making up the strip has 
yet to be related in a simple manner with the work- 
hardening of these elements. It is observed that, 
in mechanical working processes, strain hardening 
is generally greater than that obtained in a tensile 
test and this is ascribed to inhomogeneous defor- 
mation on a macro-scale. From an engineering 
point of view, one unifying factor in the studies of 
inhomogeneities of plastic deformation produced 
in metal-working processes might well be the 
coefficient of friction. The frictional conditions 
between slab and rolls, billet and container, wire and 
die, affect both the force required and the pattern of 
flow. Study of frictional conditions during these 
processes is a step toward the elimination of 
inhomogeneous deformation and the obtaining of 
better products. 
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for this practice is that specifications are liberal and 
the two most important specifications allow up to 
0-75°,, impurities to be present, apart from lead, 
which is one of the main constituents. It is 
essential to control tin to less than 0-2°,, and 
antimony to less than 0-01°,, with bismuth of, say, 
0-005°,, max. The alpha-beta brasses seem less 
sensitive to bismuth than any of the other copper 
alloys or copper itself which is most adversely 
affected by bismuth. Antimony in amounts of 
more than 0-015°,, markedly reduces ductility and 
impact strength. 

In the fire refining of copper, there are possibilities 
of using large quantities of scrap. The publication 
of the British Non-Ferrous Metal Statistics show 
that almost half of the U.K. production of around 
200,000 tons yr. of fire refined copper is scrap and 
the other half being imported blister copper. This 
situation does not hold for U.S.A. and other 
countries. It appears that the bulk of the 100,000 
tons yr. of scrap has been from cable-manufacturing 
operations or from old cable and wire installations. 
In fire refining, there are limited possibilities of 
eliminating impurities and, in a general way, the 
readiness with which elements are eliminated is 
related to the heats of formation of the metallic 
oxides but is dependent also on the extent of the 
solubility of the oxides in the metal. The recently 
published researches of B.N.F.M.R.A. throw much 
light on the subject of the elimination of tin and 
lead from copper in fire refining. 

The operations of smelting into rough copper, 
casting into anodes, followed by electrolytic refining 
or chemical solution methods are reserved for 
material which cannot be absorbed direct in the 
metallurgical industries. Solid mixed scrap such 
as iron brass and gun metal from demolition 
operations often short-circuits the blast-furnace 
melting and is passed direct to a reverberatory 
furnace where the main process is that of evolution 
of zinc, lead and tin as oxides in the gases. 

There are two different methods of electrolysis, 
one being the refining of copper anodes of about 
98-5 to 99°., copper, and the other the refining of 
bronze anodes of 85 to 90°,, copper and 10 to 15%, 
zinc, lead and tin. Statistics show that about 
100,000 tons yr. of cathode copper in U.S.A. is 
derived from secondary metal, and in this country 
the recent production has been some 20,000 tons/yr. 
Only a small quantity is electrolysed by the bronze 
anode process. An alternative process is that of 
the Chemicals Corporation. 

The meeting was presided over by Dr. Hugh 
O’Neill, Professor of Metallurgy, Swansea University. 
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X-Ray Crystal Structure 


By Dan McLachlan, Jr., Stanford Research Institute 
xiii + 416 pp. McGraw-Hill Book Company, Inc. 
New York and London, 1957. 116s. 6d. 


HIS is a specialist’s book, and the purpose of the 

present text is to furnish a common source in which 
the student may find condensed the teachings of the 
pioneers in crystallography. The book may also serve as 
a umiversity text in a two-quarter course in structure 
analysis. The first four chapters pertain to crystallography, 
preparatory to the last five chapters which are on struc- 
ture. It also forms an introduction to very wide fields 
of recent research, modern lines of approach and present 
ways of thought concerning X-ray crystal structure. 
Prof. McLachlan has succeeded in producing a most 
stimulating and inspiring account of this most important 
development in physics as applied to problems of the 
real physical world. The subject is presented in a most 
attractive and charming manner, and the individual 
chapters are enriched with excellent illustrations which 
are of very considerable interest, and which often throw 
a great deal of light on the historical development of the 
subject. The book is notable for the wide ground covered 
and the lively discussion of certain fundamental matters. 


The list of achievements in the successful applications 
of X-rays in the study of the structure of matter is a long 
one; however, the contributions to the fields of textiles, 
fibres, drugs, metals, minerals, foods and living tissues 
are beyond the scope of this text. While the book is 
largely devoted to the use of X-rays in structure deter- 
mination, the first chapter discusses the general 
properties of crystals, emphasizing atomic positions, 
Miller indices, orientation within the crystal, interplanar 
spacings and stereographic projections. The investigator 
of any new crystal should first look at the crystal under 
the microscope before commencing the X-ray investiga- 
tion. It must be realized that X-rays do not give evidence 
of static symmetry operators. This chapter shows the 
point group to which a particular crystal belongs and 
how it can be determined from the external symmetry 
using optical methods. 

The next three chapters are devoted to point and space 
groups, the special applications of X-rays and the deter- 
mination of space groups. The interest in glides in 
X-ray crystallography is because operations cause a 
halving of certain classes of interplanar spacings, and 
this halving results in systematic extinctions in the X-ray 
diffraction patterns, from which the investigator can 
deduce the space group to which any particular crystal 
belongs. X-rays are extremely sensitive to glides and 
only subtly sensitive to symmetry. Originally, Laue 
pictures exclusively were used for determining the space 
groups, more recently, however, because of their greater 
convenience, monochromatic beams have been adopted 
along with rotation of the crystal. Professor Bernal 
contributed extensively in the early days to the inter- 
pretation of rotation pictures. Although the Braggs made 
use of ionization chambers almost from the very beginning 
of X-ray diffraction in 1912, the bulk of the work in 
England, Europe and U.S.A. in recent years has been 
conducted using photographic methods. However, when 
the North American Phillips Company commercialized 
the Geiger-tube spectrometers for the recording and 
measurement of powder diffraction data, several investi- 
gators conducted incidental experiments to explore the 
possibility of extending the use of the apparatus to single 
crystals. 
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The primary aim of the first part of the fifth chapter 
is to give a satisfactory explanation of the two most 
commonly used equations for the scattering of X-rays 
from single crystals. Throughout this chapter, the wave 
concept is based on the principles laid down by the 
Maxwell equations, but the mathematical treatment is 
reduced to its simplest essentials. The final chapter is 
devoted to ‘examples of structures which have been 
determined,’ and illustrates the determination of the 
locations of the atoms within the unit cell of a particular 
crystal. Robertson has developed a microdensitometer 
for placing the X-ray film under the microscope and then 
counting the grains in the emulsion, and some com- 
mercial automatic microdensitometers have been marketed. 
Titanium nitride is chosen as a first illustration because 
its structure is simple and represents a problem having 
no parameters. One of the chief objectives of structure 
analyses is the accurate determination of the distances 
between atoms and their neighbours and the angles which 
the bonds between atom pairs make with adjacent pairs 
The structure of trimethylamine sulphur trioxide is an 
example of one in which groups of atoms rotate while 
the materials are in the solid state. 


The volume concludes with an appendix dealing with 
special recording techniques. This volume will doubtless 
come to be one of the standard textbooks on this 
important subject. 

E. Lewis 


La Diffusion dans les Metaux 


Edited by J. D. Fast, H. G. Van Bueren and J. Philibert 
130 pp., 86 figures. Philips Technical Library, 1957 
(Eindhoven). Distributed by the Cleaver-Hume Press 
Ltd., London. 37s. 6d. 

HE eleven papers in this book formed the basis of 

a symposium held in Eindhoven during September, 
1956. Of the 31 people present, 14 were from Holland, 
nine from France, five from Belgium and one each from 
Great Britain, Germany and the Saar. The papers are al! 
in French. The list of participants shows the presence of 
representatives of most of the research laboratories in 
France, Belgium and Holland which are actively interested 
in diffusion in metals. 


Whilst the scope of the symposium is wide, the papers 
can be divided into groups. An introduction by A. D. Le 
Claire discusses, briefly, thermodynamic and atemic treat- 
ments of the diffusion process with particular application to 
the variation of diffusion rate with composition. It includes 
reference to the relationship between diffusion and lattice 
defects, the Kirkendall effect and grain boundary diffusion : 
which subjects are dealt with in the symposium. It con- 
cludes with a discussion of techniques for measuring 
diffusion rates together with an indication of the factors 
which are measurable. A very brief paper by K. Compaan 
and Y. Haven correlates atomic movements for diffusion 
of silver in the AgCl lattice; this problem arises when 
tracer elements are used for diffusion studies. 

Grain boundary diffusion studies seem only recently 
to have begun to receive the more concentrated effort 
which they warrant. Perhaps this is necessarily associated 
with the now popular use of tracer techniques. P. La- 
combe reviews the subject admirably and includes a dis- 
cussion of the techniques and dependence of the results 
on the mis-match between the lattices of the grains on 
either side of the boundary. This is a valuable contri- 
bution to the book and, incidentally, is the longest paper 
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A specific application to boundary self-diffusion in alpha 
iron is reported by C. Leymonie and P. Lacombe. 


Four papers are devoted to Kirkendall effect and 
related studies. T. Heumann discusses particularly the 
systems Au-Ag (with complete miscibility) and Cu-Sb 
with the formation of intermetallic compounds). He 
concludes with a brief discussion on electrolytic trans- 
port, considered as a problem in diffusion. The Castaing 
technique (micro-scale X-ray fluorescence analysis) has 
been applied to the systems U-Zr and Fe-Cu by J. Phili- 
bert and by Y. Adda and J. Philibert. The technique 
can analyse an area of about 2u diameter. Its value is 
clear and indications of the sensitivity of the technique 
are given in the diagrams. A. Bolk and T. J. Tiedema 
present a short experimental paper on the Kirkendall 
effect in the system Au-Pt 

Interstitial diffusion is dealt with in two papers 
J. L. Meijering discusses H, C, N and O in various metals, 
mostly with reference to internal friction techniques. 
The effects of alloying elements on interstitial diffusion 
is also considered, for example, the system Fe-Mn-N. 
Van Wieringen illustrates the use of the mass spectrometer 
for the investigation of flow of helium through silicon 
and germanium. 

The final paper by C. W. Berghout considers the effect 
of elastic stresses on diffusion of vacancies in copper 
The application of a tensile stress introduces anisotropy 
into the measured diffusion rates 


The book will be of value mainly to those whose interests 
be within the several narrow fields discussed; under this 
condition the contents are very good. The book is well 
produced, with good diagrams and a useful index. The 
editors and the Philips organization are to be congratu- 
lated on their effort. It is appropriate perhaps to empha- 
size this useful contribution from the Philips Labora- 
tories. Other laboratories whose interest in fundamental 
research work should be as great might make similar 
contributions to scientific progress 


G. M. Leak 


The Solidification of Castings 


By R. W. Ruddle. 2nd Edition. Institute of Metals, 
London, 1957. 406 pp., 306 refs. 42s. 
fb second edition is a greatly enlarged and com- 

pletely revised version, being almost four times the 
size of the first edition in 1950. The author has succeeded 
well in his aim of giving a comprehensive and critical 
survey of the voluminous literature concerned with the 
subject in hand. The text may, broadly speaking, be 
divided into three sections. The first, comprising two 
chapters, deals with the experimental methods used in 
this particular field of research, and with the mechanism 
which governs the freezing of all types of metals and 
alloys. 

Fundamental aspects are covered in four chapters, the 
first of which is concerned with mathematical treatments, 
and the author, realizing that many readers will not wish 
to study these, has carefully arranged the text so that 
omission of these particular pages does not impede the 
continuity. Heat extraction, both by sand and chill 
moulds, and solidification rates are discussed in detail. 

The closing chapter is concerned with the application 
of the methods reviewed to the production of sound 
castings, and it is this section, together with the opening 
chapters, which is likely to be of greatest value to the 
practical foundryman. Continuous casting receives 
individual treatment, this particular chapter being sub- 
divided into sections corresponding broadly with the 
main chapters dealing with static ingots. Two appen- 
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dices give thermal data on mould materials and metals 
and mathematical information required for calculation 


Throughout the work the author has taken care to 
cover as wide a range of materials as possible, so that the 
text is of like value to the ferrous and non-ferrous founder 
Moreover, the layout is such that, together with the 
comprehensive index, easy reference to any particular 
topic is ensured. The style, as is perhaps inevitable in 
a review of literature, becomes a little monotonous in 
parts due to the frequent repetition of the sane names— 
for instance, one trio of authors is specifically mentioned 
ten times in two consecutive rages. On the whole, the 
book well deserves a place in the library of anyone 
concerned with the melting and casting of metals 


G. Hoy.e 


Corrosion and Wear Handbook for Water-cooled 

Reactors 

Edited by D. J. Depaul, with 54 contributing authors 
293 pp., with 152 illustrations and 50 tables. McGraw- 
Hill Book Company, Inc 

HEN the United States Navy and Atomic Energy 

Commission undertook a programme for the con- 
struction of the nuclear energy powered submarine 
Nautilus, a large amount of project work was put out to 
contract and sub-contract. Thus the various organizations 
participating in the project amassed a large amount of 
information, and it is the purpose of this handbook to 
collect and correlate the information concerned with 
corrosion and wear. It is therefore mainly concerned 
with the materials of construction of nuclear reactors, 
an in particular, with stainless steel, although details of 
other materials are given. 

To achieve this aim the work is conveniently divided 
into three sections: Part A, Fundamental and General 
Principles; Part B, Procedures and Data; and Part C, 
Special Studies. 

Part A comprises four chapters, two of which are 
excellent reviews of the fundamental aspects of corrosion, 
and friction and wear. It is interesting to note the wide 
range and international nature of the references used in 
compiling these reviews. Chapter 4 deals with water 
technology and the opening sentence qualifies the chapter 
thus: ‘ The chemistry of the corroding medium ’ (in this 
case water) ‘is of obvious significance to corrosion and 
wear problems.’ Nuclear radiation of fast neutrons 
disseciates water into free radicals, whereas y radiations 
enhance recombination. The effect of this process and 
of radiation syntheses on the susceptibility to corrosion 
are discussed. A new term ‘ crud,’ meaning ‘the in- 
soluble corrosion products formed in the primary coolant 
of water-cooled reactors’ is introduced. 


Part B comprises four chapters, two of which detail 
the apparatus used in corrosion tests and the general 
method of approaching the problems. Then follows the 
tabulation of the data—in all, some 34 pages giving 
details of the corrosion and wear tests on metals varying 
from carbon steels to cermets. Based on the results given 
in Chapter 7, the relative importance of such variables 
as composition, temperature, time, water velocity, gases, 
stress, heat treatment, etc., are discussed. 

Part C deals with special types of corrosion and an 
account of the results involving wear. In particular, the 
chapters on crevice and stress corrosion are worthy of 
mention—the latter, the work of some 22 ccntributors, 
contains much useful information, many micro-photo- 
graphs and quotes 53 references. On the other hand, the 
subject of intergranular corrosion is covered in a mere 
four pages—and this the work of eight contributors 
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NEWS 


Heat-treatment Equipment 
for Nottingham 


RECENTLY opened extension to the Raleigh Indus- 

tries Ltd. factory at Lenton, Nottingham, has been 
equipped with many modern devices. The equipment, 
ordered from Imperial Chemical Industries Ltd., includes 
12 ‘Cassel’ heat-treatment furnaces and one metal 
degreasing plant 


Six of the furnaces are each 42 ft. long and are con- 
veyorized to handle work automatically through pre-heat, 
carburizing, quench and wash. Two of the remaining 
furnaces are also entirely automatic, and are to be 
employed for the refining treatment after case-hardening 
of small parts, such as bearings and three-speed gear 
components, which can be transferred from one container 
to another. The four remaining plants are for deeper 
carburizing on a batch system, the work being handled 
by overhead runway 


The continuous trichloroethylene degreasing plant, 
with the exception of some minor modifications and a 
25°,, increase in capacity, is similar in design to an 
existing plant supplied by I.C.1. some years ago. It is 
designed to degrease 200 tons of cycle parts during 
a working week of 100 h., and will be used to remove the 
lubricant with which the parts become contaminated 
during the several stages of pressing. Many parts are 
degreased more than once, initially to permit inter-stage 
annealing, and then in preparation for subsequent pro- 
cessing. Rotating baskets are fixed to a double-chain 
conveyor, and the work is ‘tumbled’ during passage 
through trichloroethylene liquor and vapour compart- 
ments to ensure efficient degreasing and to prevent the 
loss of solvent trapped in ‘ cupped’ or close-lying parts 


As a further aid to economical and safe operation, the 
plant is fitted with an activated carbon recovery unit to 
recover solvent from the air exhausted at the plant inlet 
and outlet hoods 
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Metals in Hungary 


Hungary has begun the manufacture of machine parts 
from iron powder at the Budaérs Metal Works, near 
Budapest. Bearing caps, flywheels for toy cars, self- 
lubricating bearing brushes, bearings for washing machines 
and parts for textile machines are being made, reports 
the newspaper Népszabadsdg. Tools ‘ filled’ with hard 
metal are also being made, such as presses, lathe heads, 
drill heads and sand drills. Life span and wear is esti- 
mated at between 10 to 100 times greater than that of 
steel tools. Hard metal splinters are being embedded in 
the binding material of the metal, producing a hardness 
approaching that of diamond tools, it is claimed. Crown 
bores for metal and oil drilling can be made by this 
method. Now that Hungary has begun home production 
of these tools, imports have stopped and exports sent to 
Yugoslavia, Egypt, Turkey, China, Brazil, Poland and 
Mongolia. 

Iron scrap is ground down and the granules separated 
according to size and pressed into shape. They are then 
heat-treated, processed and pressed. 


Hungarian Foundry Development Plan 

A £1-million development plan at the Csepel Metal 
Works, Budapest, will save Hungary imports totalling 
$500,000 a year when completed. Under the current 
three-year plan, a modern vacuum furnace and sheet- 
metal rolling plant will be built. Special tempering 
equipment will be installed which will be suitable ‘ for 
improving the electric properties of metal,’ reports the 
newspaper Népszabadsdg 


Kent-Continental Expansion 

Kent Continental Societé Anonyme, the Belgian sub- 
sidiary of George Kent Ltd., Luton, Beds., announces 
that it has moved into larger premises at 27 rue Paul- 
Emile Janson, Brussels. The telephone number, Brussels 
38.31.84, remains unchanged, but a further line has 
been added which carries the number 37.78.15. The 
telegraphic address is now ‘ Kentinental Brussels.’ 


One of the gas-fired, totally 
enclosed automatic Cassel 
salt-bath furnaces viewed from 
the loading end before installation 
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Corrosion products, both soluble and insoluble, may 
cause fouling and high radioactivity levels in primary 
loops of water-cooled nuclear power units, and a short 


chapter is devoted to the accumulation and removal of 


such products (crud). Chapter 13 deals with considera- 
tions of wear and contains an interesting section on the 
practical considerations in choosing materials. The con- 
cluding chapter is a treatise on cleanliness and a photo- 
graph showing the debris collected from a coolant filter 
after construction emphasizes the need for such a chapter. 

A glossary of terms completes a book in which a great 
deal of information on corrosion and wear from many 
sources has been collected together and presented in a 
compact and readable form 


G. R. Morton 


Metallurgical Aspects of the Control of Quality 
in Non-Ferrous Castings 


Institute of Metals Monograph and Report Series 
No. 22. Institute of Metals. London, 1957. 35s. 


HIS monograph includes the text of eight papers 

(Nos. 1744-6, 1749-52 and 1754) given at the Sym- 
posium held during the annual general meeting of the 
Institute of Metals in London in May, 1957, together 
with the discussions on these papers. The theme of all 
these papers is the control of quality, by the use of test 
methods and test equipment, from the metallurgical 
point of view in the casting of non-ferrous metals. Each 
paper throws light on some facet of this important sub- 
ject, both in a general and also in a particular way, 
with 20 plates and some 120 figures and tables to illustrate 
the text. 


Ruddle and Cibula, in an excellent paper, deal with 
the metallurgical reasons for defects in castings and with 
the scientific basis of methods to avoid these defects, 
under the main headings of: (a) Flow of liquid metal 
through gates and into mould; (6) freezing of castings: 
rate, mechanism and effect on porosity and on hot tears 
and segregation; and (c) control of melt quality: gas 
content, grain refinement, non-metallic inclusions and 
test-bar design. The discussion on this paper dealt, 
inter alia, with the phenomenon of heterogeneous 
nucleation, of which Cibula is such a strong exponent. 


Martin in his paper on ‘ statistical methods of quality 
control’ seeks to bridge the gap between foundry prac- 
tice and standard textbooks on this subject and to show 
that statistical methods can play a useful part in the 
correct interpretation of information provided by inspec- 
tion records, to which they are supplementary ard not 
eliminatory. Production data can thus be sifted and 
systems of contro! be based thereon, once the causes of 
variations and the probabilities of their re-occurrence 
have been statistically evaluated. In his reply to dis- 
cussion, the author laid emphasis on the first concern of 
all founders, namely, to sell castings and not test-bars. 

Carless in his paper deals speciically with the more 
important aluminium alloy castinys in common use, 
strictly from the metallurg.cal anzle, excluding dimen- 
sional accuracy, for instance. Working procedures, metal 


treatments, maintenance of metal quality and methods of 


assessing soundness and composition are described in 
detail. In his reply to questions, Carless mentioned 
the beneficial effect of additions of grain refiners in 
improving the fluidity of certain aluminium-base alloys 
with 5%, copper, 1 to 1-6%, nickel, etc. 

French’s paper deals exhaustively with copper-base 
alloy castings, as included in B.S. Schedule 1400, produced 
mainly as sand castings. From the discussion it appears 
that the presence of larger amounts of sulphur, due to 
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the use of fuel oils with higher sulphur contents, is 
causing trouble in these alloys, particularly in gun-metal 


Emley and Fisher deal with ‘ magnesium-base alloy 
castings, sand cast or gravity die-cast.” Methods are 
described for examining the various serious possible 
defects and for the application of the appropriate remedy 

The subject of Wood and Gregg’s paper is the pro- 
duction of ‘nickel alloy sand castings’ to meet the 
exacting requirements of highly corrosive and high tem- 
perature applications. Emphasis is laid on control factors 
of special importance to these alloys, which must be 
perfectly homogeneous and free from undesirable com- 
ponents to stand up to the above-mentioned condition 
Oxygen-lancing is described as it gives a high level of 
mechanical properties and improved weldability from 
scrap-metal charges. 

Pressure die-castings, primarily in aluminium alloys, 
are the subject of the paper by Sharp. The large number 
of inter-related variables is a feature of this process and 
the skill of the operator plays an essential part, even 
when correct regulation and control-setting of the machine 
have been established. Pressure casting is semi-auto- 
matic and special considerations have to be applied. The 
author regrets it is still impossible for him to find a 
substitute for messy, dirty graphite as a lubricant, in 
spite of many trials. 

The final paper by Fry on * non-destructive testing in 
the control of quality of non-ferrous castings’ deals 
mainly with radiographic examination, interpretation of 
results and defects revealed. This is now the most 
important method as it gives more information on 
internal defects than any other method. Ultrasonic 
testing may eventually be developed for shaped castings, 
as it is already done for billet testing, and this would 
replace radiography to some extent owing to its increased 
speed and reduced cost. 

This volume will be a very valuable addition, and an 
ornament, to the library of all who are concerned with 
foundry progress and the Institute of Metals is to be 
congratulated on this latest number in its invaluable 
series of Monographs and Reports 


R. W. ALLoTT 


Essential Strength of Materials 
By F. R. 
1957. $4.75. 

HE title of this book is somewhat misleading; it is 

essentially an elementary introduction to the design 
of beams and sections. Students in the early stages of 
technical college courses may find it useful, particularly 
as the subject is treated in a simple manner without 
complex mathematics. The provision of worked examples 
and the liberal use of drawings give the book a distinctly 
practical slant 


Lisarelli. McGraw-Hill Book Company, 


However, the brief description of the properties of 
structural materials is virtually valueless. The stress- 
strain curve of a medium carbon stcel is inadequately 
explained, and is likely to leave the intelligent student 
with the imrression that past the ‘ultimate’ the steel 
becomes softer. Equally, the diagrammatic representa- 
tion of the stress-strain curves of steel, cast iron, alu 
minium and concrete, all on one graph, and all terminating 
at about the same strain, may prove more misleading than 
illuminating. One is left with the impression that a 
modicum of co-operation or consultation with his col- 
leagues should have enabled the author to eliminate most 
of the blemishes of this little book 


P. FELTHAM 
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PEOPLE 


Mr. M. F. Dowding has been appointed chief engineer 
of Davy & United Engineering Co. Ltd., of Sheffield, 
consequent upon the death of Mr. W. W. Franklin, 
technical director of the company; and Mr. A. A. 
Thomas has succeeded Mr. Dowding as the company’s 
engineering sales manager. 

Mr. Dowding, who is 39, is a Master of Arts, having 
obtained a Degree in Engineering at Cambridge Univer- 
sity. After service in the 1939-45 war, he joined Davy- 
United as a graduate apprentice, and thus received his 
practical training with the company and gained experience 
in several of its departments before being appointed its 
engineering sales manager in 1950. He is a Member of 
the Institution of Mechanical Engineers. 

Mr. Thomas also came to Davy-United from Cam- 
bridge University, where he had obtained a Degree of 
Master of Arts; and he served his apprenticeship in the 
works, later becoming Mr. Dowding’s assistant. He is 
an Associate Member of the Institution of Mechanical 
Engineers. 


A new post of deputy director has been created at the 
National Physical Laboratory, and Dr. Edward Lee has 
been appointed. Dr. Lee was educated at Consett 
Grammar School and graduated at Manchester University 
with First-Class Honours in Physics. After taking his 
M.Sc. at Manchester University and his Ph.D. at Cam- 
bridge University, he joined the Royal Naval Scientific 
Service in 1939 and was posted to the Admiralty Research 
Laboratory. 

In 1946, Dr. Lee joined the Defence Research Policy 
Staff at the Ministry of Defence and from then until 1951 
his work was mainly concerned with relating Service 
research programmes to the scientific effort available 
and Service requirements. He has been director of 
Operational Research at the Admiralty for the past three 
years. Dr. Lee takes up his new appointment on March 
31. 


The formation of Penco Research & Development Co. 
Ltd., with Alexander Rubach as managing director, 
has been announced by the Pena Group. The new 
company will co-ordinate engineering development and 
design within the group. 

At the end of the war, while still in the Army, Mr. 
Rubach was seconded to the Ministry of Supply for 
guided weapons research. Subsequently, he was 
appointed assistant superintendent of experiments at 
the inception of the guided weapons trials range at 
Aberporth and a member of five technical panels of the 
Directorate of Guided Projectiles. Since 1946, Mr. 
Rubach’s positions have included those of engineer-in- 
charge of the electronics laboratory of the engine research 
section of the Anglo-Iranian Oil Co. Ltd., and senior 
development engineer of A.P.T. Ltd., where he was 
responsible for the engineering design and manufacture 
of * Mosaic’ (Ministry of Supply automatic computer). 
Before joining Pena, he was a leading scientist and head 
of the experimental engineering department at the G.E.C. 
applied electronics laboratories, Stanmore. 


Mr. David H. Bramley, M.I.Mech.E., head of the 
department of industrial administration at the College of 
Technology, Birmingham, has joined the board of Geo. 
Salter & Co. Ltd., the West Bromwich spring and spring 
balance manufacturers. He will continue to hold his college 
post. Mr. Bramley’s industrial experience is practical as 
well as academic, for he served an apprenticeship in the 
motor vehicle industry, in which he remained for 17 years, 
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undertaking production management responsibilities 
Most of that period was spent with A.E.C. Ltd. and 
L. Gardner & Sons Ltd. 

In 1947 he was chosen to set up the department of 
industrial administration at what is now the College of 
Technology, Birmingham. This department is now the 
largest centre of industrial administration teaching in the 
British Isles, and has a world-wide reputation. Mr. 
Bramley is a founder-member of the British Institute of 
Management and was a member of the special committee 
set up by the Minister of Labour in 1954 to make recom- 
mendations on supervisory management training in British 
industry. In 1951 he was a member of the Anglo- 
American Council on Productivity team which investigated 
the training of supervisors in the United States. 


Recently, Mr. David C. Nutting, M.B.E., A.R.C.S., 
B.Sc., A.Inst.P., A.M.I.E.E., aged 39 years, joined the 
board of Solartron Industrial Controls Ltd., a member 
company of the Solartron Electronic Group. He is 
a full-time director responsible for processing contracts 
for the design and manufacture of electronic control 
systems for all manufacturing industries and for the 
sales of industrial control instruments. 

Born in Sheffield in 1919, Mr. Nutting read physics 
under Prof. G. P. Thomson at the Royal College of 


David C. Nutting 


Science. 
volunteer, reaching the rank of squadron-leader. He 
was largely engaged on technical investigations of enemy 
equipment in the Middle East and, later, Europe. He 


On graduation he joined the R.A.F. as a 


was awarded the M.B.E. in 1945. Mr. Nutting joined 
the Bristol Instrument Co. Ltd., Weymouth, then gained 
further experience with Sunvic Controls Ltd., London, 
and was next appointed production manager with Thos. 
Hedley Ltd. at their Essex factory. In 1950 he was 
appointed project engineer and chief instrument engineer 
to E. B. Badger & Sons Ltd., the oil industry consultants. 

A member of the Society of Instrument Technology, 
Mr. Nutting is chairman of its Control Section, a member 
of the Council, and the society’s representative on the 
Standing British Conference on Automation and Com- 
putation. He is also a member of the Society of Chemical 
Industry. He is lecturer to post-graduate classes at the 
Battersea College of Advanced Technology and a governor 
of one of the pioneer comprehensive secondary schools in 
Battersea. 


Wakefield-Dick Industrial Oils Ltd. announces the 
appointment of J. W. MacMahon as general manager of 
their Industrial Lubricants Division in succession to 
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U.K. Atomic Energy Authority 


R. W. R. J. COOK, deputy director of the Atomic 
Weapons Research Establishment, Aldermaston, has 
been made a full-time member of the Atomic Energy 
Authority. This new appointment makes it possible to 


progress towards certain alterations in the structure of 


the Authority. Three full-time members of the Authority 
have hitherto each had three types of responsibility. 
First, they have had executive control of one or more of 
the Authority’s establishments. Second, they have been 
responsible for formulating policy on, and for broad 
oversight of, the subjects constituting their own special 
fields (research, production and engineering, and weapons). 
Third, they have had to join with their colleagues in 
considering and deciding jointly on the general policies to 
be pursued by the Authority. The purpose of the 
alterations is to free these members from their executive 
duties, and thus enable them to devote more time to their 
other responsibilities. Sir John Cockcroft, who has since 
the setting up of the Authority held the posts of member 
for scientific research and director of the Atomic Energy 
Research Establishment, Harwell, is succeeded in the 
latter post by Dr. B. F. J. Schonland (the present deputy 
director). 


Mr. Cook will be responsible at board level for policy 
questions concerning the Authority’s production factories 
and the engineering aspects of the Authority’s work. 
Since Sir Leonard Owen was appointed managing 
director of the Industrial Group in September 1957, he 
has had executive charge of the establishments in that 
Group. Sir William Penney will continue to be member 
for weapons research and development and, pending the 
appointment of a new director of the Atomic Weapons 
Research Establishment, he will continue to hold that 
post also. The duties of Sir Donald Perrott, member for 
finance an¢@ administration, and of Mr. W. Strath, 
member for external relations and commercial policy, are 
unchanged. 


National Physical Laboratory 


During 1957 a comprehensive review of the organization 
and programmes of work of the National Physical Labora- 
tory was carried out by a committee of the Research 
Council of the Department of Scientific and Industrial 
Research. As a result, the Research Council have now 
approved certain changes in organization which will 
become effective about the end of this month. 

One of the most important is a reorganization of the 
work at present carried out in the Divisions of Electricity, 
Metrology and Physics and in the Test House. These 
four units will be replaced by three new Divisions to be 
called Standards, Applied Physics and Basic Physics. 


Solartron Factory at Farnborough 


Work has started on the first stage of Solartron’s £1}- 
million five-year expansion plan for increasing their 
production capacity at Tower Hill, Farnborough, Hants. 
The first section of the final building of 350,000 sq. ft. 
on the 15-acre site will be ready for occupation by 
August, 1958, and have an area of 50,000 sq. ft. This will 
house comprehensive manufacturing facilities in the fields 
of electronics, electro-mechanics, hydraulics, pneumatic 
and precision mechanical engineering. 


The factory is being constructed by Taylor Woodrow 


Construction Ltd., using the Arcon Monitor roof of 


Taylor Woodrow (Building Exports) Ltd., and a new 
type of clad walling designed by Raglan Squire & Partners, 
Hobart Place, S.W.1, the architects, engineers and 
surveyors. The Monitor roof is flat with lighting intro- 
duced by means of upstanding Monitor frames glazed on 
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each side. The roof is supported by columns spaced on 
a grid, carrying a superstructure of welded tubular 
lattice-framed beams. The construction for the external 
walls consists of special concrete blocks with an exposed 
aggregate surface. 

The final factory of 350,000 sq. ft., including a four- 
storey administrative block, will be completed in four 
stages, the first of which will be completed and in pro- 
duction by August of this year. Initially the new works 
will employ 250 people, but, by stages, is expected, when 
the building is completed in approximately 1963, to give 
employment to over 2,000 persons 


EVENTS 


March 19 

Institute of Metals, Powder Metallurgy Joint Group 
All-day informed discussion on ‘ developments in the 
practice of compacting and sintering.’ Church House, 
Great Smith Street, London, S.W.1. 


March 24 

Institution of Production Engineers. The 1957 
George Bray Memorial Lecture. ‘ The fabrication of 
plastics,’ by Dr. V. E. Varsley. 6.30 p m at the University 
of Leeds. Admission by ticket only, from the secretary, 
Institution of Production Engineers, 10 Chesterfield 
Street, London, W.1. 


March 24-27 
EXHIBITION. Physical Society, at the Horticultural Hall, 
Westminster, London. 


March 25-29 
EXHIBITION. Electrical Engineers, at Earls Court, London. 


March 26 

Manchester Metallurgical Society. ‘Some metal- 
lurgical aspects of nuclear power development,’ by 
Dr. H. K. Hardy. 6.30 pm at the Central Library, 
Manchester. 


March 31 

Institution of Production Engineers. ~ © Ceramic 
cutting tools,’ by G. R. Connor. 7.15 p m, at Manchester 
College of Science and Technology, Manchester 


April 3 

Institute of Metals. London Section’s annual general 
meeting followed by ‘ New protective coatings for metals ’ 
by W. E. Ballard. 6.30 pm at 17 Belgrave Square, 
London, S.W.1. 


April 10 ; 
Leeds Metallurgical Society. ‘ Pressure die casting, 
by G. Kelly. At West Yorkshire Foundries Ltd., Leeds 


April 14-19 


EXHIBITION. Factory equipment, at Earls Court, London. 


April 15-19 
Institute of Metal Finishing. 
at the Palace Hotel, Torquay. 


Annual Conference, 


April 16 

Society of Chemical Industry, Corrosion Group. 
Annual general meeting. 6.30 pm, at 14 Belgrave 
Square, London, S.W.1. 


April 16-25 
EXHIBITION. Instruments, Electronics and Automation, 
at Olympia, London. 
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NEW PLANT 


Refractory Protective Coatings 

A new range of refractory protective coatings under the 
name of Coltrate R.P.C. was introduced recently by 
Coltrate Ltd., New Broad Street House, 35 New Broad 
Street, London, E.C.2. 

Several types of Coltrate R.P.C. to deal with varying 
conditions are supplied in the form of a dry powder, 
which for use is mixed with water to a thick creamy paste 
and applied by brushing, spraying or trowelling. The 
coating thickness is from ; to § in. After application, 
the furnace is fired and the temperature steadily increased 
up to the point where vitrification is reached. 

The coating after fusing remains as a strong, continuous, 
monolithic lining that prevents cracking of the underlying 
refractories. It also penetrates and seals the pores of 
the refractories, and forms a barrier to gases and particles, 
and acts as a binder for loose particles and cracked portions. 

The coating resists slagging and is not readily wetted 
by slag. The complete range covers the following 
temperature ranges: * Loglaze ’ 1521—1,500 to 2,100 F.; 
* Midglaze ’ 1823—1,800 to 2,300°F.; * Higlaze ’ 2230— 
2,200 to 3,000 F. 

A non-vitreous type— Nonvit ’—is also available, and 
this covers the complete temperature range from 50 to 
to 3,500 F. There is also a refractory mortar for bonding, 
patching and plugging, designed to be effective over 
a temperature range up to 3,000 F. 


Rust-preventing Metal Coating for 
High-temperature Work 


The introduction of Glostack, a new high-temperature 
coating specially designed for the protection from rust of 
steel chimney stacks, furnace doors and other steelwork 
subjected to high operational temperatures was announced 
recently by Corrosion Ltd., Southampton, Hants. 

Glostack is a metal coating supplied in liquid form, and 
is applied by normal paint techniques. It is simple to 
use, as it does not need the addition of any hardener, 
accelerator or curing agent. The surface to be protected 
is suitably prepared, and then Glostack is brushed on to 
the cool surface. The coated article may be put back 
into service as soon as the coating is touch-dry, which 
takes about two hours. 

The makers say that the coating will stand up to 
temperatures well over 800 F. for long periods, remaining 
stable and unharmed throughout the range. They claim 
that coating has outstandingly good resistance to weather- 
ing, and will successfully withstand attack by chemical 


fumes of the kinds normally found in the vicinity of 


gasworks, electricity power stations, chemical works, etc. 
The material is sold by weight and is supplied in 6-lb. 
and 12-lb. cans. 


Improved Molytone Grease for Bearing Lubrication 


Rocol Ltd., Swillington, near Leeds, introduced some 
time ago a combination of bentone grease and molyb- 
denum disulphide, known as ‘ Molytone grease,’ for 
bearing lubrication. The name now covers three greases 
recently developed and marketed as: Molytone 265 
grease, 320 grease, and 380 grease. The replaced grease 
was of normal ball and roller bearing consistency— 
penetration 250 to 280. This was found to be on the 
borderline of suitability for application in some grease 
guns and too thick for many pressure systems and 
centralized greasing systems. There was also a demand 
for a grease suitable for miniature high-speed bearings 
and producing little drag in the very fine clearances of 


precision machinery. Although bentone greases can be 
used at temperatures near the flash point of the oil, 
continued use at high temperature tends to thicken the 
oil and thus stiffen the grease. These problems have 
been solved by the new range of greases 


2,500-ton Mechanical Forging Press 


A 2,500-ton mechanical forging press with new features 
has been designed by Erie Foundry Co., Erie, Pennsyl- 
vania, U.S.A. Forging operators have pointed out fhe 
need for more working room at the press. In this press 
the front columns have been spread and the working 
area moved forward to give operators 8 in. more clearance 
for manipulating the work in and out of the die. Thus 
the operator can move closer to the die, use shorter tongs, 
and have greater visibility. 

Overall press height is 11 ft. 3 in., a reduction of 3 ft. 
below that of conventional machines. This is accom- 
plished by means of a Scotch yoke (sliding block) to 
transmit pressure from the eccentric shaft to the ram. 
The Scotch yoke also provides a larger bearing area, 
increases the rigidity of the press, and permits elimination 
of the pitman and ram pin. Circulating flood lubrication 
is provided for the main bearings, and the Scotch yoke 
is operated in an oil bath. Both main gear and pinion 
are herringbone design, of heat-treated alloy steel. This 
construction makes the gears stronger and quieter in 
operation, and carries the added value of reversibility for 
double life. The air-operated, two-plate clutch has been 
mounted on the main shaft, within the main gear. 
Bearings are mounted behind the clutch plate. The 
cover, piston and springs can be removed as a unit, 
making it possible to inspect the clutch lining with a 
minimum of effort. The brake is adjustable from the 
floor. The wide, cast-steel brake band, with bolted-in 
lining, is hinged and reversible for long wear. 

A 2,500-ton model of this press has been set up at 
Pennsylvania for demonstration to potential users. 
Agents in the U.K. for Erie presses are Burton Griffiths 
& Co. Ltd., Kitts Green, Birmingham. 
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R. J. Turner, who has retired. Mr. MacMahon is also 
appointed to the board of directors of the company. 

Mr. MacMahon, who is 49, began his career in 1925 as 
an office boy in the Wakefield industrial oils department 
but, about two years later, joined the export department 
where he remained up to the outbreak of war. Between 
1936 and 1939 he travelled extensively on export business 
in Europe, the Middle East and West Africa. On leaving 
the forces fhe returned to the industrial oils department 
as a technical representative in the Midlands and was 
promoted sales manager in 1951, a position he retained 
later with Wakefield-Dick Industrial Oils Ltd. 


J. J. Habershon & Sons Ltd. has appointed Mr. P. 
Cook, B.Sc., F.1.M., A.Inst.P., as research manager. 
Mr. Cook was formerly in the Mechanical Working 
Division of the Hoyle Street laboratories of BISRA. 


The Deritend Stamping Co. Ltd. announces that 
Col. J. W. Danielsen, D.S.O., T.D., D.L., M.I.Mech.E., 
J.P., retired from the office of chairman at the end of last 
month. He is succeeded by Mr. C. W. Perry, who was 
deputy chairman. Col. Danielsen, who has been a 
director of the company for 56 years, will remain on the 
board. 


Mr. J. H. Mayes, general sales manager of Northern 
Aluminium Co. Ltd., has been appointed to the board of 
directors. Mr. Mayes joined the company in 1934, in 
the technical section of Banbury works. Three years 
later he transferred to sales and he was head of the 
Sales Development Division from 1946 until 1952 when 
he took up the position of castings and forgings sales 
manager. In 1953 he was appointed export sales manager 
and in 1956 he became assistant genera! sales manager. 
He was appointed to his present position as head of the 
sales department in April, 1957. 


Dr. A. D. Merriman, until recently Secretary of the 
Institution of Metallurgists, has been appointed by Edgar 
Allen & Co. Ltd., steel and tool manufacturers and 
engineers, of Sheffield, to advise that company on scientific 
projects. 

Dr. Merriman is a native of Manchester and received 
his earlier education there. When he left the Manchester 
College of Technology he went first to Cambridge 
University, and then to the Universities of Lille and 
Durham, being engaged for a time at the last on educa- 
tional research. In 1939 he was appointed to be a con- 
sultant of the Directorate of Scientific Research at the 
Ministry of Supply; and he became scientific adviser 
to the Commander-in-Chief, Middle East Forces, soon 
after the outbreak of the last war—an office in which he 
served until 1944. He returned to England for a brief 
period that year to take up membership of a special mission 
intended to link up with scientific workers in the Soviet 
Republic. Following that assignment he became superin- 
tendent of the Armaments Development Directorate of 
the Ministry of Supply. He was one of the scientists who 
participated in the post-war special missions that investi- 
gated industry in Germany; and later he was responsible 
for some of the examinations of flying-bomb and rocket 
launching sites which the Germans had established in 
France. In 1948, following a period in charge of Tech- 
nical Intelligence, he became secretary of the Institution 
of Metallurgists—a position that he held until his retire- 
ment at the end of last year. 

Dr. Merriman is the holder of the George Cross, an 
Officer of the Most Excellent Order Of the British Empire, 
a Deputy-Lieutenant of the City of London, a Master of 
Arts, a Master of Education, a Doctor of Science, a 
Companion of the Institute of Mechanical Engineers 
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and a Fellow of the Royal Society of Edinburgh. He is 
aged sixty-five. 

With the late Mr. J. S. Bowden, Dr. Merriman was 
responsible for the ‘ Dictionary of Metallurgy,’ which 
appeared in Metal Treatment in serial form and was 
concluded exactly a year ago. The complete work will 
shortly be published in book form by Macdonald & Evans 
Ltd., 8 John Street, London, W.C.1. 


Mr. Peter M. Gavin has joined the staff of Paul 
Granby & Co. Ltd. as sales representative in the North 
Midlands, i.e. Yorkshire, Lancashire, Cheshire, Derby- 
shire, Lincolnshire, North Staffordshire, etc. Mr. Gavin 
was previously with Messrs. English Steel Corporation, 
from 1938 to 1957, at one time as manager of the Man- 
chester drop-forging department and later of the steel 
foundry at Sheffield. He succeeds Mr. John Dodd as 
representative in the North Midlands. 

No new appointment will be made for the Birmingham 
and Coventry areas, which districts will be handled 
personally by Mr. Paul Granby with the assistance of 
Mr. D. Charles-Edwards. 


Elliott Bros. (London) Ltd. has announced that Mr. 
George C. Fairbanks, M.I.P.E., a deputy general 
manager of the company, has been appointed a director 

Mr. Fairbanks, who is 48, joined Elliott Bros. in 1930 
as a tool-maker. In 1933 he became supervisor of the 
Admiralty Gyro Department and, by the end of the 
1939-45 war, he was shops superintendent at the com- 
pany’s Lewisham factory. Immediately following the 
war Mr. Fairbanks was appointed production manager 
at Lewisham and subsequently assumed various senior 
executive positions including his appointment, two years 
ago, as a director of the Fisher Governor Co. Ltd. and 
Bristol’s Instrument Co. Ltd., both Elliott subsidiaries. 


Dr. B. R. Nijhawan, director, National Metallurgical 
Laboratory, Jamshedpur, India, has been given the 
award of ‘ Padma Shri’ by the President of the Union 
Republic of India at the last Republic Day, January 26, 
1958, in recognition of his distinguished services in the 
fields of science in India. 


Conversion from Coal to Oil 
Spear & Jackson Ltd., Sheffield, have recently carried 
through an extensive conversion programme and all 
previously coal-fired furnaces in rolling mill, forge and 
heat-treatment departments now use oil or gas as fuel. 
The latest installation of a new oil-fired furnace in the 
sheet mill has been specially designed to give a controlled 
heat input with a temperature range of 750 to 1,300°C. 
for heating slabs and ‘ cheeses ” (circular saw slabs), prior 
to rolling into sheets and subsequent processing into 
saws of all kinds. Spear & Jackson are believed to be the 
first to go into the application of oil-firing for this special 
purpose Trials are expected to confirm both the 
economic and technical advantages of the method. 
Atmosphere control coupled with automatic tempera- 
ture regulation and fuel economy are achieved by the use 
of self-proportioning oil burners. Additional economies 
are secured by employing exhaust gases from high-tem- 
perature chambers on either side of the furnace, these 
hot gases being transferred to a central low-temperature 
chamber fitted with booster burners. It is interesting to 
note that the design of the furnace also permits its use for 
heat-treatment purposes. Overheating and wasteful use 
of fuel with its attendant smoke is prevented and guess- 
work in judging temperatures by eye is replaced by an 
auxiliary control panel, part of the installation which has 
been designed by Spear & Jackson in conjunction with 
the furnace builders, Messrs. Markham (Sheffield) Ltd. 
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PLASTIC FIREBRICK CASTABLE CONCRETE JOINTING CEMENT 


COMPOSITION DURAX No. 2 DURAX No. 3 
DURAX No. 4 A refractory 


4 finely ground air setting cement 


concrete for casting { t k 
' ei tine al ) ) 
A plastic firebrick composition sup- special Shapes, lining furnace doors — PRRINE 4 cs of firepricks 
7 ~ pp j + > . 

plied ready mixed for immediate use chimneys, moulding battles. cover Poke ttl oy oc. es 
Suitable for rammed linings and blocks, burner blocks. destructor ee j 

— 7 roofs. etc. Supplied dry. Maximu 
patching existing Durax No. | or uf ‘ 
firebrick linings. Service temperature service temperature 1300 ¢ DURAX No. 4 

. < , 
range |300/1650°C Similar cement to Durax No. 3 but 


DURAX No. 7 for use at lower temperatures where 
PLASTERING CONCRETE very stong joints are required 


A high duty refractory concrete Supplied dry. Maximum service 


DURAX No. 6 suitable for similar applications to temperature 1000 C. 


Durax No 2 but where higher 


Essentially a plastering cement temperature conditions operate DURAX No. 8 


containing a special fibre to assist Supplied dry. Maximum service 

in application and to give addi- temperature 1 500°C A finely ground jointing cement with 
tional strength at low temperatures a hydraulic set which ts insoluble in 
Supplied dry Maximum service water. Suitable for jointing bricks in 
temperature 1300 € DURAX No. ! I water washed hoppers and chimneys 


A refractory concrete for castine WwW resist the action of dilute acid. 
GUNNING OR linings and special shapes. Supplied S = — Lt mo nies 
dry. Maximum service temperature CepOTaTS FW 
PLASTERING CEMENT 1320°C. Slightly higher than Durax 
No. 2 DURAX No. 10 
DURAX No. § 


A heat setting refractory cement 
A refractory gunning or plastering DURAX No. 12 suitable for jointing tirebricks 


cement. Minimum rebound loss Supplied dry Maximum service 
when gunned. Good mechanical A refractory concrete possessing a temperature 1650 °¢ 


strength. Supplied dry. Maximum higher mechanical strength than any 
service temperature 1300 C. other in the Durax range with only a 
slight loss in refractoriness. Supplied 


ELEMENT CEMENT a _— service temperature ’ petails of 
: RAD 
cee ty © DURAX No. 13 \ pee vil a 


A finely ground cement with a nge t 
hydraulic set. Used for embedding Similar properties to No. 2, but more ra e eques 
elements in electrical hot plates finely ground to facilitate casting ° 


Supplied dry. Maximum service thinner sections. Supplied dry. Maxi 
. temperature 1000°C mum service temperature 1300 ¢ 


GENERAL REFRACTORIES LTD 


GENEFAX HOUSE + SHEFFIELD 10 + TEL. SHEFFIELD 31113 
358 
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Classified Advertisements 





FIFTEEN WORDS for 7/6d 
Box number 2/6d., including postage of replies 
2d. per word 


(minimum charge) and 4d. per word thereatter 
Situations Wanted 


Replies addressed to Box Numbers are to be sent, clearly 
marked, to Metal Treatment and Drop Forging, John Adam 
House, John Adam Street, London, W.C.2. 


SITUATIONS VACANT 


“{ ETALLURGISTS required in the Shepherd’s Bush 
laboratories of British Insulated Callender’s Cables 
Limited for Research and Technical Service duties on a 
wide variety of problems dealing with both ferrous and 
non-ferrous metals of interest in the manufacture of 
electric cables, allied equipment and transmission struc- 
tures. Opportunities are available for gaining experience 
of industrial processes. Applicants should be well 
qualified and preferably have had some previous ex- 
perience. Five-day week. Pension Fund. Applications, 
giving details of age, qualifications and experience, should 
be made to Personnel Officer, 38 Wood Lane, London, 
W.12 


XPERIENCED CHEMIST required for metallurgical contro! 
EX products of High Tensile Plain and Galvanised 
Steel Wire 
salary required 
Drop Forging 


Please state qualifications, experience and 
Box E.C. 103 Metal Treatment and 





| TEMPERING 
FURNACE | 


a i 


| 

| 

| HOMO HOT AIR | 

| CIRCULATING TYPE 

| COMPLETE WITH AUTOMATIC | 
TEMPERATURE CONTROL | 


| Also | 
CYANIDE FURNACES | 
LC.1. 24» 21 WITH 


AND WITHOUT PREHEATERS 
Can be seen working 
* 


AERO HEAT TREATMENTS | 


| HUDSON’S DRIVE 
! BIRMINGHAM, 30 
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MACHINERY FOR SALE 


OUR HIGH-FREQUENCY GENERATORS, 80 kW. output each 
Maker: Phillips Electrical Co. Ltd. Type F 1501 
200 k.c.p.s. oscillation, complete with all valves. Sup- 
porting steel structure, pump, pipe work and control! 
gear, and three Serck air-blast coolers for high-frequency 
induction furnaces. Equipment has had about 200 hours’ 
use Only and is about 3-4 years old. Will sell one set 
separately; prepared to accept one-quarter of manufac- 


turer’s contract price. Equipment can be seen and 
inspected at Davidsons Engineers (Mc) Ltd., Irkdale 
Street, Smedley Road, Cheetham Hill, Manchester 8 
Tel.: COL. 1610 


CAPACITY AVAILABLE 


Solution 


H: \T TREATMENT—Aluminium alloy castings 
diameter 


treatment up to 34 in. high by 30 in 
Precipitation and stabilizing treatment up to 61 in 
by 47 in. by 120 in. long. A.I.D. approved. Quick 
delivery and competitive prices. Enquiries to H. J 
Maybrey & Co. Ltd., Worsley Bridge Road, Lower 
Sydenham, S.E.26 


Si t METAL CAPACITY AVAILABLI For light-gaug« 
contract work. Flexibility for size and form. Modert 
works equipped for substantial contracts in Midlands 


Bennie Metal 
London, S.E.11 Tel 


Products Ltd., 


RELiar« 


area Enquiries to 
2 Tinworth Street, 


HEAT 


TREATMENT 





Capacity for case-hardening is now 
available in the most modern heat- 
treatment plant in London 


metallurgical control over all opera- 


x Gas or pack carburising with full 
tions 


for pieces up to 36” dia. plus wide ex- 


Gleason quenching press equipment 
perience in the control of distortion 


dia. with latest electronically con- 


x Flame-hardening of gears up to 10 ft. 
trolled equipment 


E. N. V. ENGINEERING COMPANY LTD 
HYTHE ROAD, WILLESDEN, N.W.10 
Telephone LADbroke 3622-3-4-5-6 
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mechanical and 
ludraulic PRESS BRAKES 


Hydraulic press brake 
with horn extension 


10 ” capacity 


The Eldair series of mechanical press brakes handles light and medium 
plate sizes up to 12 4” M.S. with a forming pressure up to 110 tons 
They are extremely powerful and smooth in operation and fitted with a 
multi-plate clutch and automatic brake for inching. 


Eldair hydraulically operated press brakes are entirely self-contained 
and designed to provide smooth single or continuous stroking action 
They are available in pressures up to 700 tons and a bending capacity up 
to 14 i” M.S. The stroke is adjustable to suit the application with full 
pressure available at any position 


Many extra features including horn extensions, increased throat or 
die space and wide bed are available to the complete range 


yers Z 
wirecK MAN@SO LIMITED 
FACTORED MACHINE DIVISION, FLETCHAMSTEAD HIGHWAY, COVENTRY 
Telephone : Coventry 40351 
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SPECIALISTS IN 
ALL CLASSES OF ANNEALING & HEAT TREATMENT 


ANNEALING & NORMALISING 
(Bars up to 28 feet in length) 
APPROVED 1.A./42 2 74 


HARDENING & TEMPERING Peg ng tc 
BAR STRAIGHTENING & REELING APPROVED LIST 


CLOSE ANNEALING & 
LONG BAR WORK A SPECIALITY 


286 ATTERCLIFFE RD., SHEFFIELD 4 


Telephones: 23194 & 23195 











ELECTRO HEAT *,° 


D.1. ARM 


TREATMENTS utp. **roveo 


BULL LANE, WEST BROMWICH 


& 
Specialists in all types of:- 


HEAT TREATMENT 


BRIGHT HARDENING. Smal! compo- 

EL LECTRIC [to nents; Bolts, Rivets, Washers, Screws and 
> Springs, also large sections up to 3 ft. 

BRIGHT ANNEALING. Steel, Stainless 


Steel, Nickel Silver, etc. 

CARBO NITRIDING. For Skin Hardening 
up to .03 in. 

THE CRACK DETECTION PEOPLE GAS CARBURIZING. Gear Wheels, etc., 

deep case depths. 

LIGHT ALLOYS. Solution and Precipitation 

up to 10-ft. Sections. 

HIGH FREQUENCY. Local Hardening, 

Annealing, Brazing. 

COPPER AND ITS ALLOYS. Chromium 

and Beryllium Copper, Aluminium Bronze, 

Solution Treatment, Ageing and Annealing. 

GENERAL PURPOSE APPLICATIONS. 

Treatment of tools, forgings, castings, spinnings, 

41 Sidney Street, Sheffield, 1 etc., in all alloys. 


Telephone Sheffield 27357/8 e 
Telephone and Telegrams: West Bromwich 0584 and 0756 
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2000= 


HASENCLEVER 














One of three Hasenclever forging 
presses, producing precision forged 
heavy bevel gears in a modern 

car factory. 100 to 6,000 tons. 


By courtesy of 


<= es 80609 MOTOR CO., COLOGNE, GERMANY 


P PAUL GRANBY & CO.LTD. <6» 
¢ 39 VICTORIA STREET-WESTMINSTER-LONDON:SWI 


Telephone ABBEY 5338 Telegrams 








Rainbow 1748 


POWAFORGE SOWEST. LONDON Cables: POWAFORGE. LONDON 
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Wild-Barfield A.H.F. 
equipment is used by 
Bowden Engineering Ltd. 
for brazing hose unions. 
Many other industrial 
concerns have found that 
Wild-Barfield A.H.F. 
induction heating speeds 
production, saves space 
and offers savings all along 
the line. Our engineers will 
be glad to supply further 
details and explain how 
Wild-Barfield A.H.F. 


equipment can help you. 


WILD-BARFIELD A.H.F. 


equipment at 


BOWDEN ENGINEERING LTD. 


ARFELD a) Induction heating speeds production 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS Telephone: Watford 6091 (8 lines) 
we 63 
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Dust & Grit 
Collectors 


A new addition to the range of 


A. & O. dust and grit collectors 


This photograph shows an Alidays & Onions grit 
arrester hood applied to an A. & O. hearth designed to 
meet the requirements of the Clean Air Act. There is 
also a grit arrester available for fitting to existing hearths. 


ALLDAYS 
& ONIONS 


WESTERN WORKS © BIRMINGHAM II 
Phone: ViCtoria 2251-4 

















GREAT 


Londen Office: 2 Queen Anne's Gote, Westminster, London, S.W1 
Phone: WHitehall 1923/4'5 
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Specialised services offered for the treat- 
ment of raw and semi-finished ferrous 
metals 


MANGANESE STEEL CASTINGS 
PLAIN and ALLOY STEEL FORGINGS 
S.G. IRON CASTINGS 

BLACKHEART MALL. CASTINGS 
STEEL BARS - BILLETS - SHEETS 


ANNEALERS LIMITED 


PENISTONE ROAD SHEFFIELD 6 














“THOMAS ANDREWS 


AND COMPANY LIMITED 


High-Grade Steel Makers 
\ HOT & COLD DIE STEELS 


“MONARCH” 
( TOOL HOLDER BITS 
DS R N T 11 ( CARBON & ALLOY TOOL 
) STEELS forALL PURPOSES 
“HELVE” 


ROYOS 
HARDENITE 
ATTERCLIFFE ROAD, 


HIGH SPEED STEELS 


( CARBON TOOL STEEL for 
) CHISELS, PUNCHES, &c. 


WORKS AND 
STEEL WORKS 
SHEFFIELD, 4 


Eaport Depertment 
THE HARDEN!ITE STEEL COMPANY LIMITED 





Telegrams 
Shafting, Sheffield, 4 


Telephone 
Sheffield 22131 
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during 

and time 

Manipulator wil 

2,000 Ib. in 

vide range of designs are 

avaiable the maximum being 
able for pieces up to 20,000 ib 


eight 


- COMMERCIAL STREET - MIDDLESBROUGH 
JOHANNESBURG - TFTORONTO . SYONEY 
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STAINLESS STEEL 
HEAT RESISTING 


ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 


SYANIDING POTS 

CASE HARDENING BOXES 

CAST IRON, BRASS, GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM etc. 


HIGH SPEED TOOL, DIE 

& SPECIAL ALLOY STEELS 

also STAINLESS STEEL ROAD 
LINES, STUDS & SIGNS 





HIGHLY ALLOYED STEEL 
CASTINGS 


JOFO’ castings are available in 
a wide range of qualities 
From a few ozs up to 10 cwts each 
MO Ippr 


oved inspection fa ties t 7 


Routin: X-ray contr 


AM fehason ‘ Bes Hid 


Head Office: BROADFIELD ROAD 
SHEFFIELD 8 (Sheffield 52431) 
Foundry : Aizlewood Road, Sheffield 
Machine Shops: Broadfield Road heffield 

ndon Office : Central House 

Upper Woburn Place, W.C.! 
(EUSton 4086) 

Glasgow Office : 93 Hope Street, € 


(Central 8342 5 
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0): 
HIGH TEMPERATURE 
SERVICE 


THE NICKEL- 
CHROMIUM 
ALLOY 


For Temperatures at which 
other metals collapse 


CASTINGS 
: CASE 


YRO )METER 
SHEATHS 


THE CRONITE FOUNDRY CO. 1 


LAWRENCE ROAD, TOTTENHAM, LONDON, N15 sranrono'’ 











We specialise in die blocks; our 
modern die plant is designed ex- 
clusively for the production of die 
blocks of unvarying excellence 





WALTER SOMERS LTD. HAYWOOD FORGE, HALES OWEN Ne BIRMINGHAM 
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